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Abstract 
The findings of this multi-site study emphasise the importance of Organisational 
Culture for integrating clinical information systems into intensive care units. A novel 
model, the Iterative Systems Integration Model, has two principle components, these 
being Organisational Culture and the Actual Usefulness of the clinical information 
system. The model is derived from empirical data collected in four intensive care sites 
in England and Denmark, with one site being used to validate the model. The model 
highlights clinical information systems as directly affecting the work processes of the 
sites investigated, which in turn affect the Organisational Culture and Actual Usefulness 
of the clinical information system used, and these features affect clinical information 
system integration. This forms an iterative process of change as clinical information 
systems are introduced and integrated. 
Intensive care units are complex organisations, with complex needs and work 
processes. The impact of clinical information systems on these work processes is 
investigated in this thesis using Role Activity Diagrams. These diagrams are analysed to 
show that although clinical work processes are consistent at each site, the information 
processes differ. Intensive care information processes are found to have the potential to 
be much simplified with the introduction of seamless clinical information systems. 
Qualitative data collectio n methods were deployed, i. e., observations, 
interviews, and shadowing of clinical staff, together with a questionnaire at each site for 
further validation. Data were analysed using grounded theory to extract salient 
variables, which informed the development of the model. These factors were indicative 
of the Organisational Culture of the sites investigated and the Actual Useftilness of the 
clinical information systems being used. 
It was posited that clinical information systems that reconcile expectations of 
both hospital management and clinical staff - and that have the potential to adapt to 
their organisational environment - have a greater chance of surviving in complex 
environments such as intensive care. Despite decades of Health Infon-flatics, no such 
systems exist in their entirety; this research shows that 'ancient problems' of clinical 
information systems integration are still prevalent, and presents the Iterative Systems 
Integration Model, the application of which may assist with the integration of clinical 
information systems in intensive care. 
-I- 
Prolegomenon 
The research described in this thesis is conducted in the academic discipline of Health 
Informatics. This thesis considers the importance of Organisational Culture factors for 
integrating Clinical Infon-nation Systems (CIS) in intensive care, and was conducted in 
collaboration with intensive care units in Denmark and England. The research was 
funded in part by the Health Informatics committee of the British Computer Society, 
and in part by a University of Salford Bursary. Their support is gratefully 
acknowledged. 
A paper (Munir and Kay, 2003) describing work in this thesis, and presented at 
the 2003 Fall Symposium of the American Medical Informatics Association, was one of 
eight papers short-listed for the Diana Forsythe Award; an award for work at the cross- 
section of Health Informatics and the Social Sciences that initially considered over 200 
papers. Other published papers that discuss work in this thesis are (Munir and Kay, 
2003; Munir, Hardiker, and Kay, 2003; Munir and Kay, 2004a; Munir and Kay 2004b). 
Prior to this work, Samina's MSc (Munir, 2000; Munir, 2001 a) at UMIST, UK, 
focussed on the issue of patient empowerment with regard to patients holding and 
managing their own electronic primary care health records. Samina then worked as a 
research assistant at UMIST where she published two documents for the National 
Health Service Information Authority (NHSIA). The first outlined the importance of 
Organisational Culture and Organisational Change required for implementing electronic 
health records (Munir and Boaden, 2001b). The second, an evaluation report, was a 
continuation from her MSc, and evaluated patient access to electronic health records 
(Munir and Boaden, 200 1 c). 
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Chapter I 
Introduction 
This opening chapter presents the aim, objectives and contributions of this thesis and 
then discusses the motivation for the research. The aim and objectives will be revisited 
in the final chapter, where a discussion of how well they have been addressed will be 
given. A guide to the thesis concludes this chapter. 
1.1 An Introdnetion to the Thesis 
This chapter introduces the aim, objectives, and contributions of this thesis, describing 
'what' the thesis investigates. The motivation (describing 'why' the phenomenon is 
worth investigating) follows this. The motivation is presented without reference to the 
literature; this is dealt with in Chapter 2, where the literature review is presented. The 
aim and oýjectives of the thesis were revised following consideration of the literature. 
Clinical Information Systems (CIS) are an important part of the organisation of 
patient care. They can facilitate the coordination of patient care between clinical staff 
such as nurses and physicians, and can act as an aide memoir. Over the past 20 years 
there has been an increasing drive to develop electronic CIS in hospitals to extend and 
replace the paper-based systems previously used. However, many of these electronic 
CIS are met with resistance by those that use them, and are often not used sufficiently to 
justify investments - many are even rejected. 
This thesis investigates the important issue of CIS integration. The research is 
focussed on the Intensive Care Unit (ICU), which is a complex and demanding area of 
the hospital that has equally complex information requirements. A combination of 
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observations, shadowing, interviews, and questionnaires were used to investigate the 
role of organisational factors for CIS integration and to detail the interactions between 
clinical staff and CIS, whether paper-based or electronic. Data were collected in four 
ICU in four different hospitals, two in England and two in Denmark. Each ICU was at a 
different stage of CIS integration (successfiilly implemented 5 years ago, recently 
implemented, about to implement, and with a failed implementation). Based on these 
data, a declarative model of CIS integration is proposed and validated. 
1.2 Research Aim and Objectives 
The aim and objectives described were developed following careful consideration of the 
issues that emerged in the literature review (see particularly Section 2.8). The aim and 
objectives will be revisited in the final chapter, where a discussion of how well they 
have been addressed will be given. 
1.2.1 Aim 
The specific aim of this doctoral research is: 
To develop a declarative model of clinical information systems integration 
based on empirical evidence from intensive care settings. 
The term, integration, as used in this thesis, requires explanation. Chambers Dictionary 
(1990) defines 'integrate' as "to make up as a whole: to make entire: to combine, amalgamate. - 
And integration as "the act orprocess of integrating: unification into a whole". In this thesis, CIS 
integration is concerned with the extent to which a CIS supports ICU work processes 
(i. e., the extent to which they combine with the work processes), are accepted by users, 
and are fully functioning and well used, i. e., the unijication of CIS into intensive care 
organisations. Chambers (1990) defines implementation as "the various steps involved ill 
installing and operating a computer data-processing or control system ". The process of CIS 
implementation is then subsumed by integration, since implementation is a part of CIS 
integration i. e., if a CIS is to be integrated, it must first be implemented. 
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1.2.2 Objectives 
The research aim will be achieved by way of the research objectives outlined below. 
Three primary objectives are given (Arabic numerals). Each primary object is divided 
further into sub-objectives (lower case letters) to facilitate the achievement of the 
primary objectives, and subsequently the research aim. 
The objectives are: 
1. To investigate the significance of Organisational Culturefor explaining actual CIS 
deployment in intensive care. 
a. To determine the Organisational Culture characteristics that affect CIS 
integration into intensive care settings. 
b. To detennine the relationship between Organisational Culture characteristics 
found and CIS as they are used in practise. 
2. To investigate the interactions between clinical staff and CIS, so that it is possible to 
determine the effect of these interactions on intensive care clinical ivorkprocesses. 
a. To detenuine the interactions that take place between clinical staff and their 
work processes. 
b. To model the above interactions. 
c. To explore the relationship between Organisational Culture, actual CIS use, 
and clinical work processes. 
3. To develop a theoretical model of CIS integration. 
a. To conduct a comparison of the findings from each site. 
b. To apply the knowledge and understanding drawn from empirical evidence 
to develop a model for CIS integration. 
c. To validate the model using an investigation at another site. 
Based on the aim and objectives, the next section highlights the specific contributions of 
this thesis to the academic field of Health Informatics and also to Health Informaticians 
involved with the design, development and implementation of CIS initiatives around the 
globe. 
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1.3 Contributions of this Thesis 
This thesis makes a number of contributions to Health Informatics and its practitioners. 
These are listed below, in order of significance: 
0 Develops an empirically validated model of CIS integration - The Iterative Systems 
Integration Model (ISIM) - for guiding CIS integration into ICU (Chapter 6). 
0 Contributes original work - based on empirical evidence - to the academic discipline of 
Health Informatics that investigates the significance of Organisational Culture for 
integrating CIS in intensive care (Section 2.8). 
Provides process maps of intensive care work processes, based on empirical observations 
from intensive care settings, to illustrate the interactions that occur between clinical staff, 
CIS, and intensive care work processes (Section 6.2.1). 
0 Provides insights into the interactions that occur between clinical staff, CIS, and intensive 
care work processes from the four sites investigated. 
a Disseminates empirical evidence from four separate intensive care sites to support theory 
and contribute to knowledge and the academic literature about Organisational Culture, 
clinical information systems, intensive care, and the interactions between these areas in 
intensive care (Section 8.2.4). 
The findings may be of particular interest to those involved with the introduction of the 
integrated care record service (ICRS) in the UK National Health Service (NHS) (DOH, 
2002b), and those involved in national Electronic Health Record (EHR)* initiatives in 
Denmark, as data were collected from sites in these countries. Global EHR initiatives 
may also find this thesis of some use, for its insights into the context of clinical work 
and CIS integration. 
1.4 Motivation 
The precise aim of this thesis, i. e., 'what' is being researched, was given in Section 1.2, 
while the contributions of this thesis were given in Section 1.3. The critical question of 
why this thesis is necessary and important is now addressed. This section provides a 
short overview of the important issues, based on the literature review that is given in 
* CIS/EHR/EPR: the terms and concepts are clarified in Section 2.2.1, where CIS is identified as the 
preferred term. However, when discussing work by other researchers, their term is used. 
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Chapter 2. It also provides directions to the relevant sections of the literature review 
where its arguments are supported. 
1.4.1 CIS Potential and Pressures on Investment 
Clinical Information Systems (CIS) are used throughout all healthcare settings by a 
variety of healthcare professionals. Electronic CIS are powerful tools with vast 
potential, attracting much demand for investment in developed countries across the 
globe. The primary purpose of these systems is to manage patient data in order to 
facilitate patient care and enable positive outcomes. This is discussed in Section 2.3. 
However, CIS require much financial investment, and are resource intensive (not 
just financial, but also in ternis of human resources, time, commitment, and energy 
deployed). It is therefore essential that CIS provide maximum utility and benefit to 
healthcare professionals, and maximum benefit to the patient, while causing minimum 
disruption (during integration of the CIS) to the care that a patient receives. Pressures on 
management to reap returns on their investment are also great, as the public healthcare 
sector is renowned for its shortage of resources. Justification of every investment 
becomes imperative, and successful outcomes essential. 
1.4.2 CIS Capability and Acceptance 
Given the growing emphasis on CIS, it is surprising to find that there is a huge disparity 
between what existing systems are capable of and the extent to which these capabilities 
are exploited. There is a body of evidence (discussed in Section 2.3 and Section 2.4) to 
suggest that CIS - when implemented in a clinical environment - may be greeted with 
scepticism and uncertainty as to their capabilities and integration with existing clinical 
activities. Many systems remain unused, or are used far below their potential - see 
Section 2.3 for more details. It is also surprising that CIS integration problems remain 
persistent, especially given the availability of smarter and more sophisticated methods 
for designing, developing and implementing CIS. 
1.4.3 Organisational Factors for Understanding CIS 
Integration 
Despite decades of research on human and organisational factors by many researchers in 
different areas, it is only recently that this body of work is being recognised and 
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accepted by soffivare developers and Health Informaticians. Human and organisational 
factors are now believed to have a strong part in facilitating understanding of CIS 
integration problems, alongside technical issues. This is discussed in Section 2.4. 
The emphasis is shifting towards the use of more human-centred methodologies 
for evaluating CIS, as opposed to the sole use of randomised controlled trials and 
methods focussing on economic and cost-benefit analysis. 
1.4.4 The Multifaceted Needs of Intensive Care 
If we consider the complexity and multi-disciplinary nature of intensive care in ten-ns of 
its critically ill patients, information requirements, work processes, and the need for 
timely and accurate information, then the impact of failed systems is heightened in this 
area of healthcare. The need to understand why these failures occur becomes very 
important, so that they can be avoided in the future. 
In Section 2.8 it is concluded that intensive care is under-investigated in Health 
Infonnatics, and that organisational studies could strongly inform CIS integration in 
acute care. The generalis ability of the findings could then be tested in other healthcare 
environments, since it is found in Section 2.6.2 that developing CIS in a complex area 
such as the ICU can inform developments in less complex areas of healthcare more 
reliably than vice-versa. 
1.5 A Guide to the Thesis 
CHAPTER 1 introduces the thesis. It presents the research aim and objectives, the 
contributions of this research, and the motivations for it. 
CHAPTER 2 reviews the literature on CIS and Organisational Culture within healthcare. The 
chapter strongly supports the need for this thesis. The terms and concepts used within this thesis 
are also clarified. 
CHAPTER 3 sets the context for this research by describing the national and government- 
propelled agendas for CIS development and implementation in Denmark and England, these 
being the two countries from which the data for this research are collected. Selection of the four 
sites, two in each of the countries, is explained. Each site is described, together with its CIS 
situation. 
CHAPTER 4 presents the theoretical and practical principles guiding this research. It 
examines the assumptions underpinning the research paradigm and methodology, and then 
discusses pragmatics such as issues of access to the host sites, participants and research ethics. 
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CHAPTER 5 details the research methods used for data collection and how data were 
analysed. 
CHAPTER 6 presents the Iterative Systems Integration Model (ISIM), a major outcome of 
this thesis. The derivation of the model is presented and discussed in terms of ICU work 
processes (illustrated by Role Activity Diagrams), the Organisational Culture, and the Actual 
Usefulness of the CIS, with respect to CIS integration, from data collected at three sites in 
England and Denmark. 
CHAPTER 7 presents a validation of ISIM using a fourth independent site. Further validation 
using questionnaire data collected at all sites is also presented. A discussion of the connections 
between ISIM and the Technology Acceptance Models (TAM and TAM2) is given. 
CHAPTER 8 completes the thesis by presenting a summary and a critical evaluation of the 
thesis, and highlights the scope for future research. 
1.6 Summary 
This chapter has suggested that there is much need for the research described in this 
thesis - the question of whether or not Organisational Culture can inform CIS 
integration is under-investigated, and remains to be tested. Further, empirically derived 
and validated Organisational Culture models in healthcare are few. Deploying 
theoretical organisational models developed outside this sector may not be immediately 
applicable or appropriate: a model developed and validated specifically for this sector 
may be more appropriate and useful. 
This chapter has introduced the thesis, with the aim, objectives (Section 1.2), and 
contributions (Section 1.3) being given. The question of 'why' the aim and objectives 
were of importance was addressed in Section 1.4, which outlined the importance of CIS 
in healthcare, their capabilities, and the problems of integrating them in healthcare 
environments. 
Whereas, in the past, evaluations of CIS remained focussed solely on the technical, 
human and organisational issues are becoming increasingly accepted as convincing 
approaches for investigating CIS implementations in Health Informatics. Finally, this 
chapter has outlined a road map to the entire thesis. Chapter 2 explores the literature 
relevant to this thesis, presenting evidence in support of the motivation for this research. 
Chapter 2 
Literature Review 
The aim of this chapter is to present a synthesis of the literature relevant to this thesis, 
specifically literature about Clinical Information Systems, Intensive Care Units, and 
Organisational Culture, the terms that define the thesis. The scope of this review is 
discussed first, and then the terms and concepts are clarified. A review of the literature 
is presented next, with the chapter ending with conclusions and a summary. 
2.1 Scope of the Literature Review 
Literature 
cis 
Kev: 
IV 
CIS: Clinical Information System 
OC: Organisational Culture 
ICU 0C ICU: Intensive Care Unit 
Figure 2.1: A Verm diagram illustrating the inter-relationship between the three areas that are 
the foci of this thesis. 
Referring to Figure 2.1, the three areas of Clinical Information Systems, Intensive Care 
Units, and Organisational Culture are very broad, and generate vast amounts of 
literature during searches. In the specific context of this thesis the overlap areas 
Chapter 2 Literature Review 
(labelled 1,11, and III in the figure) are of direct interest. However, literature covering 
area IV is of greatest significance to this research, as it defines the extent to which this 
thesis is original, and describes the detailed context of this research. The focus of this 
literature review is therefore primarily concerned with areas 1,11,111 and IV. 
However, generic literature on the broad categories of Clinical Information 
Systems (CIS), Intensive Care Units (ICU), and Organisational Culture will be 
discussed to obtain an overview of the fields. Figure 2.2 guides the reading of this 
chapter by presenting a road map of this literature review. 
2.1 Scove 
2.9 Summary 
2.8 Conclusions 
2.7 Evidence of CIS and 
Organisational Studies in 
Intensive Care'q 
2.2 Clarification of Concepts 
and Terminology 
- Clinical Information System 
- Intensive Care Unit 
- Organisational Culture 
Literature 2.3 CIS in Healthcare 
- Background to healthcare computing Review tr - International perspectives 
- Evidence from implementations 
2.4 Organisational Factors 
2.6 CIS in Intensive Care and Health Informatics 
- Background to CIS in Intensive Care - Systems Theories in Health Informatics 
- CIS Outcomes in Intensive Care IF- Organisational Issues in Health Informatics 
2.5 Organisational Factors 
in Intensive Care 
- Characteristics of Intensive Care 
- Communication in Intensive Care 
Figure 2.2: A road map of the literature review. 
Sections 2.3 to 2.7 review the salient literature on CIS, ICU, and Organisational 
Culture in Health Informatics. It must be noted that a previous literature review about 
EHRs and patient records has been conducted by the author of this thesis (c. f Munir, 
2000), the literature presented in Sections 2.3 and 2.4 is an updated overview of the 
salient literature in these areas; they are not directly relevant to this thesis, but were 
considered necessary in order to present the context of the focussed literature illustrated 
in Figure 2.1 and reviewed in Sections 2.5 to 2.7. Section 2.8 presents the conclusions, 
and the chapter ends with a summary in Section 2.9. The terms used within this thesis 
and within this chapter are discussed next. 
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2.2 Clarification of Concepts and Terminology 
This section clarifies the concepts and terms used within this chapter and the whole 
thesis. As they are referred to throughout this thesis, elucidating their meanings is vital. 
In particular, the terms Clinical Information System, Intensive Care Unit, and 
Organisational Culture, are now explained. 
2.2.1 Clinical Information System 
Much of the literature refers to Electronic Patient Records (EPR) and/or Electronic 
Health Records (EHR). Attempts to explain and define these muddy concepts have been 
made by many, (Gordon et al., 1998; Heathfield et al., 1999; Kalra, 1994; Kay, 1999a; 
Markwell, 1996; Munir, 2000; Neame, 1997; NHSIA, 2001). 
The distinction between EPR and EHR in UK policy is unclear. The director of 
research and development at the LIK Department of Health, Sir John Pattison (2002), 
asserted that explaining the differences between the two terms could be difficult for 
people to understand, but failed to convince. In a speech at the Healthcare Computing 
conference in Harrogate, Sir John Pattison (2002) suggested that Electronic Record 
might be more appropriate as it is less constraining and dependent upon previous 
definitions. 
In North America, evidence from the Fall 2003 symposium of the American 
Medical Informatics Association confirmed that, to date, there is little or no consensus 
about a distinction between the two concepts. This is verified further in a report by the 
Institute of Medicine (10M) on the key capabilities of an EHR, as is expressed in this 
quote: 
"There have been inany different views of what constitutes an EHR system. Soine EHR systems inchide 
virtually all patient data, while others are limited to certain types of data, such as medications and 
ancillary results [ ... j In suninzary, EHR systems are actively under development and will rentain sofor 
tnanyyears. " (10AI, 2003) 
Despite clarification of the concept by the International and European Standards 
bodies (ISO, 2000), who define the 'Electronic Health Record' to mean electronic 
representations of clinical records (which encompasses the fort-ner EPR), lack of 
consensus on this term is still apparent. This is highlighted in the UK with the recent 
development of the Integrated Care Record Service (ICRS), which subsumes the EHR; 
however, the term ICRS is now also under revision with the National Care Record 
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(NCR) being suggested as an alternative. It appears that defining EHRs is a challenging 
international problem. The confusing and difficult task of defining the EHR, and 
establishing a suitable term for it, stresses the fact that it may not be the most 
appropriate term to use in this thesis, as there is little consensus as to its definition and 
meaning on an international scale. In Europe, few hospitals have a working EHR - 
many are still in the process of understanding what it is and how it can be used, making 
it impossible to investigate: 
"Veryfew implementations of the EHR exist as they are defined, despite 30 years ofresearch and design. 
They mostly consist of administrative and management systems. It is rare to find a system combining 
administrative work and clinicalpatient information. " Jakovidis (1998) 
Therefore, Clinical Information System (CIS) is the preferred tenn for the 
purpose of this thesis. Defining CIS is also problematic, however the definition given by 
Gordon et al. (1998) is drawn upon for this thesis. Gordon et al. (1998) distinguish 
between EPR and CIS, and logically define the constituents of both systems. However, 
it is the definition of a CIS that is of concern to this thesis. 
CIS: "a system dedicated to collecting, storing, manipulating, and making available, clinical 
infonnation important to the delivery of healthcare. CIS may be limited in scope to a single area or nzay 
be comprehensive and cover all infonnation e. g. EPR" 
In this thesis, CIS are the object of study, where CIS encapsulate paper record 
systems, electronic record systems, and hybrids of both; CIS will therefore be inclusive 
of ERRs and EPRs. However, when citing works by authors in the literature, the term 
used by those authors will be used. 
2.2.2 Intensive Care Unit - 
The terms Critical Care Unit (CCU) and Intensive Care Unit (ICU) are used 
synonymously in the literature. To avoid confusion and to remain consistent, this thesis 
will refer to ICU. Definitions of intensive care are numerous (Jones et al., 1998). For the 
purpose of this thesis the author refers to a definition approved by the British Medical 
Association (BMA) (1967) where intensive care is defined as: 
"The care ofpatients who are deenzed recoverable, bitt)vltoiieedcontinitotissupervisioii and need, or are 
likely to need, prompt use ofspecialised techniques by skilledpersonnel. " 
It is possible to break down ICU further into general ICU, specialised ICU, and 
High-Dependency Units (HDU). The definition below describes a general ICU, where 
admitted patients have a broad set of clinical conditions, but all have dysfunction or 
failure of one or more organs (Bennett and Bion, 1999). 
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"We have defined the ICU as a special unitproviding thefollowing: (1) afacility available to all medical 
staff giving more space, staff and equipment for the care of the patient than can be provided in the 
ordinary wards. (2) A service that provides continuous observation of the vitalfunctions and can support 
thesefinctions morepromptly and effliciently than can be done elsewhere in the hospital. Both thefacility 
and the service can be developed within a specialist division or ward, but the essence of the ICU is that, 
like most operating theatres, it is communal. " B111A (1967) 
Jones et al. (1998) list five essentials for a successful general ICU, describing each 
category in detail. The five components are listed in order of importance, as rated by 
them: 
" Pen-nanent nursing team, specifically trained and giving continuous service. 
" Readily available medical team. 
" Standardised techniques of investigation and treatment. 
" An 'area', 'facility', or 'unit'. 
" Revised philosophy of patient care. 
A specialised ICU will focus on specific conditions such as cardiothoracic, 
neurosurgical, and paediatric care, etc. This means that it is possible to standardise 
methods of care and training of nurses. Because it is standardised it is possible to serve 
large populations (Jones et al., 1998). A HDU differs in that it segregates patients with 
severe illnesses that cannot be managed in a general or a specialised ICU. The patient 
requires intensive observation, and is cared for by at least one nurse, and sometimes 
more. The literature covers all three types of ICU. 
2.2.3 Organisational Culture 
Before discussing Organisational Culture, it is important to understand that 'Culture' 
was a precursor to Organisational Culture, and so a brief historical discussion may be 
helpful to the reader. 
Culture 
The origin of the terin Culture dates to early archaeological finds, when attempts to 
learn about and classify objects were endeavours towards understanding other 
worldviews, societies and civiiisations (Bodley, 94). Its origins have been described as 
analogous to the origins of life - evolutionary theory - so that, like life, culture has 
evolved, and is an evolving entity (Garbora, 1998; Dunbar et al., 1999). The first 
attempts to categorise culture were accomplished in 1872 by a committee for the 
advancement of science, led by Edward Tyler, a British anthropologist; 76 culture 
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topics were identified (Bodley, 1994). Since then, definitions of culture have expanded 
immensely, for example Kroeber and Kluckhohn in ibid. identified over 160 different 
definitions of culture, which have since been clustered around concepts as diverse as 
shared, symbolic, arbitrary meanings, human behaviour, and norms such as values and 
rules. 
Bodley (1994) asserts that essentially culture can be reduced to three crucial 
components: 
* What people think. 
9 What people do. 
0 The material products that people produce. 
With regard to these three components, in a group setting culture becomes a social 
entity. It is this group, or organisational, perspective that is of interest to this thesis. That 
is, what people think, do, and produce, with regard to CIS in ICU. This leads us to the 
following discussion of Organisational Culture. 
Omanisational Culture 
Burnes (2000) states that Organisational Culture has been known to industry since 
World War II. However, it was not until the late 1960s and 1970s (Blake and Mouton, 
1969; Eldridge and Combie, 1974) that business research embraced the tenn, and by the 
1980s it had exploded in the business literature on both sides of the Atlantic, with 
influential works by American authors such as Peters and Waterman (1982), Kanter 
(1989) and the Briton Handy (1984). Most authors share the view that: 
"Managers and employees do notperform their ditties in a valuefree vacuum. Their work and the way it 
is done are governed, directed and tempered by an organisations culture: the particular set of values, 
beliefs and cusionts andsystems that are unique to that organisation. " (Burnes, 2000) 
Many different and varied models describing Organisational Culture exist; some 
try to define culture, while others try to categorise the different types (Hofestede, 1990; 
Schein, 1985; Handy, 1986). Many critiques of proposed models of culture exist. Most 
tend to argue that it is overly simplistic and unrealistic to reduce a complex concept 
such as culture into levels. 
Almost all of the definitions and classifications of culture have been developed 
and researched in business or industrial contexts, and their applicability to other sectors 
remains to be tested. Koeck (1998) believes that the literature on organisational 
behaviour and management is a valuable resource for complex organisations such as 
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healthcare, and notes that healthcare delivery systems in particular could benefit from it, 
although few make use of it. 
While this overview of Culture and Organisational Culture was necessary to 
inform the reader, this thesis is not concerned with a particular definition or model of 
culture, as it is unrealistic to apply one definition to a term so complex, as has been 
discussed. Instead, the thesis takes the concept of Organisational Culture as a premise. 
This concept is best epitomised by Drennen (1992) as: "how things are done around here. " 
Further, Bodley's (1994) three components of culture are not specified as a 
model or prescription, rather they are his conclusions, which are very succinct and relate 
directly to what this thesis aims to investigate, i. e., what people (in this thesis, 
clinicians) think, do, and produce, with regard to CIS; including the concept of 
'organisation' enables the investigation of a particular social setting, in this case, ICU. 
2.3 CIS in Healthcare 
This section reviews the role of computing within healthcare over the past five decades. 
An international perspective of CIS is given, and then literature on CIS applied within 
healthcare is presented. 
2.3.1 Background to Healthcare Computing 
It is common knowledge that Williams and Kilburn invented the first stored program 
computer, the Manchester Mark 1, in 1948 at the University of Manchester, UK. Kay 
(1999b) suitably asserted "No one at the titne, managed topredict what it all ineant, nor appreciated 
its implications. " 
Richard's (2001) paper provides a good summary of the status and progress of 
healthcare computing from its first consideration for healthcare by the UK Ministry of 
Health in 1956 to date. The paper highlights the seminal work conducted by Barber 
(1964), which shifted the emphasis of computers from being used solely for financial 
and administrative purposes to scientific use. A computer implemented in a London 
hospital was to be used by Dr Barber for hospital finances, data processing, and 
statistics. Barber used the computer to carry out operational research for patient queuing 
(Barber, 1974). 
A landmark in healthcare computing was established when the first NHS IT 
strategy was launched in 1968. The difficulty of reaching consensus over issues such as 
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ensuring uniformity of hardware from a number of available suppliers and setting 
standardised computing languages was not just a problem of its time, but is still 
mirrored in many healthcare IT projects today, as this literature review will reveal. Of 
great interest is the fact that the first patient medical record in the world to be used by 
nurses was introduced in 1969 at Kings College, London. Unfortunately, the computer 
was regarded as an intrusion by consultants working in the hospitals, and was therefore 
abandoned (Richards, 2001). Similar organisational problems are still being found; the 
review by Kaplan and Shaw (2002) is a comprehensive and accurate account of much of 
the literature in this area, and it shows that human and organisational issues are onlyjust 
beginning to come to the forefront, despite decades of research. EHRs remain an 
important research issue in the fields of Medical and Health Informatics. 
Richards (2001) informs the reader of the international status of medical 
computing in the 1960s. He states that although hospital computing was being 
introduced in Europe and America, the UK was the first to introduce General 
Practitioner (GP) computing, which has continued to be at the forefront since its launch 
in 1970; this view is supported by Schloeffel (1998). Indeed, the UK is understood to be 
a world leader of primary care computing (Benson, 2002a; Schloeffel, 1998); yet the 
same cannot be said for hospital computing. Benson (2002a) investigates this 
phenomenon in his paper entitled 'Why general practitioners use computers and hospital 
doctors do not'. His study is based on personal experience spanning 30 years, first as a 
leader of a computer evaluation unit, and then as a GP system supplier. He reports that 
by 1996,96% of general practices were computerised, and approximately 15% ran 
paperless consultations. He explains that this success is due to the gatekeeper role that 
GPs are able to play in primary care computing. 
Going back to the 70s, a change of government in the UK meant that 
government funding was no longer available for research and development into CIS. 
This had a negative effect on hospital computing, so projects were abandoned until the 
recent change in government. GPs began working with suppliers, indeed suppliers 
offered incentives to GPs for their involvement. Benson concludes that hospital doctors 
had no incentives to become involved and that computers were treated as a management 
overhead. In a second paper, Benson (2002b) states that scalability is also a reason why 
GP computing was a success, "GP computing is technically inuch easier than for a whole hospital 
or health district. " He asserts that simple classification codes such as Read Codes cannot 
cope in a hospital. There is also an issue of common interoperability standards within 
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secondary care due to the sheer number of systems available and the variety of systems 
used; privacy problems are heightened due to the sheer number of users. The nature of 
the work is also much more complex, with job divisions creating diverse patterns of use; 
the requirements of multidisciplinary teams are very different to sole users of a system 
(Schloeffel, 1998). 
Using current evidence, as opposed to academic or theoretical models, Ball et al. 
(2001) assess whether or not Informatics can improve healthcare. They conclude that it 
can. They state that Information Technology (IT) supports information management and 
knowledge creation through its four cornerstones. These cornerstones are described by 
Lorenzi (2000) as: 
Producing structures to represent data and knowledge. 
Developing models for acquisition and presentation of data. 
Managing change among people, processes, and technology 
Integrating information. 
From the papers by Benson (2002a and 2002b), and the historical review of the 
literature so far, the challenging nature of setting standards for achieving the four 
cornerstones is magnified. Where Ball et al. (2001) focus on success stories of IT 
applications in the areas of disease management, tele-health, patient safety, and decision 
support, Benson (2002b) focuses on technical issues, which are problematic. Lorenzi 
(2000) stresses the importance of acknowledging human factors as the greatest obstacles 
to Informatics success. It is vital then, that these issues are given equal significance 
when designing, developing, integrating, and evaluating CIS in healthcare. 
Section 2.3.2 presents an overview of CIS initiatives around the world, and is 
discussed next. 
2.3.2 International Perspectives 
An annual survey held by the Medical Records Institute (MRI, 2002) reveals that the 
major clinical factors driving the need for EHR systems, as seen by physicians, is to 
improve the ability to share the patient record among healthcare providers, to improve 
clinical data capture, and to reduce medical errors. Of great concern to managerial staff 
is the need to improve the quality of care and to improve the clinical process or work 
flow. 
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Major concerns were seen as problems related to mobile health devices and 
applications, such as lack of security and confidentiality of data, and major barriers to 
the plans for implementing EHRs were seen as due to lack of funding and resources and 
lack of support by medical staff. 
The 2002 survey was conducted online, and 1131 people responded. Vendors 
and consultants were excluded to leave 761 valid responses. The survey respondents 
were predominantly based in the US (83%), 4.6% were Canadian and the remaining 
respondents represented the UK, Demark, Gen-nany, Israel, and Taiwan. This means 
that the results are not very generalisable to countries other than the US. Another 
limitation is the fact that respondents were predominantly managers (25%) or 
physicians (14%); other healthcare groups such as nurses (6.3%) were under- 
represented. 
In another recent global study (Latimer, 1999), the IOM (1991) was cited as 
stating that the Computer Patient Record (CPR) would become a standard in healthcare 
within a decade; this is a deadline that has been missed. This paper reports how close 
the world is to realising this and invites "leading infonnaticiansfroin six continents to share their 
experiences. - Leaders from South Africa, Australasia, East Asia, North America, South 
America, and Europe identified four common issues. These were: 
" The CPR is not clearly defined. 
" Technology should be seen as an enabler and not a driver. 
" It is people and not technology that champion successful implementations. 
"The hunian factor detennines whether technology based innovations succeed this is 80% 
dependent on people and 20% dependent on technology. " (Latimer, 1999) 
" The system must be secure. 
It must be noted that it is only developed countries that have the resources to invest in 
EHRs. Under-developed countries have little to spend on healthcare, and even less on 
Health Informatics. These countries have more pressing concerns, such as fighting 
diseases like Aids and malnutrition, and providing their citizens with health education 
(Tresling, 2003). It is interesting to note that having attended a recent panel on the 
emerging international trends on the EHR (AMIA, 2003), little has changed since the 
Latimer (1999) study. Developed countries such as Denmark, the UK, US, Australia, 
and Canada have revised national IT policies that enforce government-imposed 
deadlines to implement EHRs within the current decade. They all seem to be facing 
similar obstacles, such as creating solid communication infrastructures and record 
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architectures, interoperable systems, unique patient identifiers and standards, despite 
their diverse political and geographical infrastructures. 
An extensive literature review was conducted of over 1832 papers indexed in 
MEDLINE, with the objective of understanding the evolution of publications dedicated 
to the EPR (Moon-nan and Van der Lei, 1999). The researchers found that the literature 
highlighted insufficient research into the effects of EPRs, and proposed the need for 
investigations on this theme. 
In Europe and Australia, Schloeffel et al. (2001), who are working on the Good 
Electronic Health Record (GEHR), formally the Good European Health Record, echo 
these views. They believe that healthcare is the most information-intensive industry in 
the world, and that there are massive fragmentations of clinical data, which they believe 
contribute to the cost of information management. They also state that interoperability is 
an issue and that sharing and exchanging data is a must: 
"Wiere EHRs have been implemented it has usually been in a spasmodic and uncoordinated manner, 
without any standards. This has created the biggest single problem in healthcare information 
management world-wide, fragmented, poor quality data creating islands of information. " 
The monolithic way that CIS are being developed at present is said to impede progress. 
Although lakovidis (1998) approaches the subject of EHRs from a telemedicine 
perspective, his views about EHR progress are much the same as Benson (2001); 
Latimer (1999), and Schloeffel (1998). He states that across the globe, few EHRs are 
installed and functioning as they a re defined. In hospitals, he asserts that not many in 
the world have shareable CIS that integrate both clinical and administrative patient 
information. In his list of challenges, similar to those presented by Benson, Latimer, and 
Schloeffel, lakovidis also recognises that Organisational and Cultural factors have the 
potential to both encumber and assist CIS implementations, but notes that "most cultures 
do not support the idea ofsharing infonnation. " 
Schloeffel (1998) reports that between 1992-95 the European commission issued 
a program to develop a widely applicable common data structure for using and sharing 
EHRs across Europe. This project, the GEHR (mentioned above), involved 21 
participating organisations in eight European countries, and included many different 
professions and disciplines, such as academia, medicine, commerce, and computer 
science. 
The GEHR had much influence on the evolution of European EHR standards. 
Interest spread beyond Europe to Russia, Australia, New Zealand, Singapore, and 
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recently the US (Schloeffel et al., 2001). However, so far Australia and the UK are the 
main centres for its development. In 1998, Australia and the UK took different routes as 
regards the EHR, mainly due to UK interest waning. The Australians however, 
developed the record further with funding from the Australian government, and hope to 
see major developments within the next ten years (ibid). 
In Denmark *, Svenningson (2001) highlights the uncoordinated and local basis 
of EHR projects. As a result of this lack of coordination, the Danish Ministry of Health 
launched national strategies for the development of EHRs in Danish healthcare 
(Andersen et al., 2002). In her thesis, Svenningson reports that on a national level there 
are no clear answers as to how development and implementation of EHRs is 
succeeding. She also informs the reader of the difficulty of assessing the consequences 
of EHRs, since there are few investigations into how present systems functions, and 
those few that do exist focus on isolated, quantifiable aspects. Perhaps the problem is 
not that few evaluations of EHRs exist, but the fact that the term is ill-defined, making 
evaluations of EHRs impossible. 
Svenningson's claim that there are no programs to follow EPR progress in 
Denmark is countered by Andersen et al. (2002), whose group is involved in a publicly 
funded project, the EPR Observatory, which requires the authors to collect and 
disseminate experiences from all regional EPR projects. Work began in 1998, focussing 
on expectations; in 1999 the focus was experience, and in 2000-2002 the authors 
focussed on the analysis of EPR development and implementation in the Danish 
healthcare sector. Preliminary studies in 1998 and 1999 used interviews and 
observations as methods of collecting data, while in 2001 a survey was sent out to all 
EPR project leaders in Denmark. This included 15 County administrators, 100 hospitals 
and 657 hospital departments. A second survey in 2002 was directed at 52 local and 
regional projects. The authors found: 
0 11-15 hospitals had an IT strategy. 
52 EPR projects in the country, with only one county-wide and 24 department- 
wide. 
a 5-10% of hospital beds were covered by an EHR. 
As responsibility for EHR projects is decentralised to county level it is not surprising 
that each county is using different methods, developers, and suppliers to achieve the 
. The status of both the Danish and English EHF, are given in more detail in Chapter 3. 
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same goal (Andersen et al., 2002). On organisational issues, they found that EHRs had 
significant impact on daily routines; failure to meet positive user expectations resulted 
in negative user reactions, and on explaining the number of different approaches used 
by different and multiple suppliers, they stated that this was due to no one best solution 
being available at present. 
The National Programme for Information Technology (NPfIT) was launched in the 
UK in 2002, following the publication of 'Delivering the NHS Plan' (DoH, 2002a). 
This report ftirther developed the proposals in the NHS Plan (HMSO, 2000) for a 
service centred around the patient. The NPffT programme is focussed around four key 
developments: 
" An electronic integrated care records service (ICRS), including a nationally 
accessible core data repository, and digital images. 
" The provision of facilities for electronic booking of appointments. 
" An electronic transmission of prescriptions service. 
" An underpinning of IT infrastructure with sufficient connectivity and broadband 
to meet future NHS needs. 
The aim of the ICRS programme is to facilitate the sharing of EHRs to provide clinical 
support across all care settings. It is due to be completed in 2010 (DoH, 2002b). Sissons 
(2003), the head of industry liaison for the NHS NPfiT programme, recently presented 
progress to date. He stated that the programme is probably the largest IT procurement 
programme in the world. A summary of patient data is to be stored in an information 
spine, but detailed infon-nation is to be stored with the organisation that records it. The 
Inforniation Spine will provide a national store of information. 
There are three phases to the programme. The first phase is to provide the 
facility for clinicians to book outpatient appointments, and to communicate and view 
patient information. The second phase is to give clinicians and health professionals' 
access to detailed patient information, and will include electronic referrals, requests, and 
orders. The final phase is to integrate care across healthcare and social services. Booth 
(2003) describes the benefits as readily accessible patient information, and the 
disbenefits as unauthorised access to confidential patient information. Concerns about 
the issue of responsibility for the information once it moves between institutions are 
also expressed. 
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A recent forum organised by the British Journal of Healthcare Computing on 
clinicians and the NNIT programme was held in Birmingham (BJHC, 2003). The 
results of the Autumn Web Survey were presented, highlighting: 
" The need to involve clinicians. 
" Education and access to computers for all clinicians. 
" Data protection and integration across the UK. 
" Organisational and change issues, and staffing resources. 
" Electronic prescribing and how to really involve clinicians in the ICRS. 
Iakovidis, in Versweyveld (2000), states that the British government has fallen for the c- 
hype. That is, it invests in e-technology, but does not understand it, and that it is being 
implemented simply as a voting strategy. Although this viewpoint is harsh, it is based 
on more than just hearsay. Sissons (2003), the head of industry liaison for the NHS 
NPf[T programme, admitted that the 'rush' was due to the impending election and 
nothing else. 
Despite each country having its own national EHR agendas, and the outward 
differences between each country in terms of structure and culture, the literature 
reviewed so far indicates that although concerns may not be identical, they are almost 
always congruent. A selection of papers that provide evidences of CIS applied in 
healthcare settings, are now reviewed. 
2.3.3 Evidence from Implementations 
An online patient record system in the Beth Israel Deaconess Medical Centre, USA 
(Safran et al., 1999) received much publicity. The authors developed this evolving 
system as part of an integrated hospital information system, for use in an ambulatory 
primary care practice, over a decade ago. Their aim was to facilitate workflow, support 
collaborative practice models, deliver practice guidelines, and become paperless. The 
motivation behind this system arose when the practice was physically separated from 
the emergency room in the hospital within which it was based. The practice wanted to 
share their patient information and practice guidelines with the emergency room. 
The system has since been used widely in 61 different primary care and 
speciality clinics by physicians, nurses, and psychiatric social workers; it is reported as 
being able to supervise and monitor care, improve coordination and documentation, and 
has allegedly released healthcare providers to concentrate on interpersonal interactions 
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and the provision of healthcare. Improvements in quality of care are reported to have 
arisen from "better documentation, facilitated communication anzong providers, and improved 
adherence to clinical guidelines". The aim of paperless practice was not attainable, due to 
medico-legal requirements to keep paper copies of medical records. 
In another outcome study, Simpson and Gordon (1998) describe their 
experiences of a CIS developed and implemented in the Nephrology department of the 
Glasgow Royal Infirmary. The CIS is designed around four shells of clinical control 
loops. These shells cover clinical management, clinical administrative data, clinical 
services, and general management; they enable access to data about patient observations 
and results, investigative data from other departments, finance, hospital management, 
and administration. There are wire and wireless networks providing access to databases 
on over 50 terminals, and are linked to departments such as biochemistry, haematology, 
and microbiology. Simultaneous access to data is possible, and senior staff have modem 
links for access from home. The authors report few disadvantages. Those they list are 
initial disruption on implementation, ensuring staff commitment, and being aware of the 
possibility of power cuts. They state that introducing the system in phases reduced the 
risk of project failure. 
In contrast, a study based at the same medical centre as that described by Safran 
et al. (1999), evaluated the actual interactions of two groups of physicians using paper 
and electronic patient records. One group of nineteen physicians with experience of 
using a hospital-wide EPR, and the second group of seventeen physicians, where only 
five had experience of using an EPR, participated in the study (Rodriguez et al., 2002). 
The authors applied principles from usability engineering and assessed: 
Learnability - ease of learning the system. 
Efficiency - level of productivity. 
Memorability - using the system without relearning it. 
Errors - capacity of the system to reduce error. 
Satisfaction - subjective satisfaction achieved by the user when using the 
system. 
Both groups were asked to perform tasks specified by the authors, which involved using 
the records. A satisfaction questionnaire was completed at the end of the experiment. 
Although the authors conclude that an EPR system can significantly improve user 
acceptance and ease its adoption process, use of the EPR did not reveal significant 
differences in the overall time to complete typical physician tasks - it was found to be 
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faster for viewing, slower for documenting, and about the same for ordering. The 
obvious link between users with computer literacy and typing skills being faster than 
those without was proven positively. 
Where Safran et al. (1999) and Simpson and Gordon (1998) report on the 
experiences and outcomes of their CIS, the Rodriguez (2002) study conducts a CIS 
usability evaluation. Although the two outcome studies are constructed over a much 
longer period of time, they do not provide an evaluation of user experiences with the 
system. Perhaps the studies by Safran et al. (1999), Simpson and Gordon (1998), and 
similar outcome studies could be informed by and infonn usability evaluation studies 
like that of Rodriguez et al. (2002). The findings in the Rodriguez study and the 
experiences of the outcome studies imply that, over time, the benefits outlined in the 
outcome studies may still be achievable. A usability evaluation of the systems used in 
the two outcome studies could be undertaken to investigate this link. 
Much of this literature has pointed to fairly successful implementations. 
However, it must be noted that these are in the minority rather than the majority (Berg, 
2001; Kaplan and Shaw, 2002; Saur, 1993). The studies were presented to illustrate the 
benefits of CIS and their capabilities once accepted and integrated within healthcare 
institutions. A study by Laerurn et al. (200 1) shows that CIS do not necessarily provide 
positive or negative results, neutral results can also be achieved, where there are some 
positive outcomes, but few positive changes to existing procedures. This comparative 
survey study investigated the use of EPRs by 227 hospital doctors in 32 departments 
across 19 Norwegian hospitals (Laerum et al., 2001). A Likert scale from I (Never) to 5 
(Always) assessed opinions about EPR use covering areas such as seeking patient 
information from the patient record, following results of tests and investigations, 
entering daily notes, etc. The authors found that the EPR was used mostly for reading 
the patient record. Despite high computer literacy, doctors used the EPR for far fewer 
tasks than it was designed. Overall, the EPR did not stimulate the development of new 
ways of conducting medical work. The authors state that the EPR simply reinforced 
existing routines, and that investigations into technology alone do not provide sufficient 
insight into their use - organisational aspects must also be considered. 
Having reviewed papers on outcomes and evaluations, the often-ignored issue of 
user training and education is tackled well by Bygholm (2001). She stresses the 
importance of end-user support for users of EPR systems, and asserts that in addition to 
the quality of infon-nation and system interface, integration should also include end-user 
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support and learning. Though her study is based on 37 primary care sites, her findings 
may be of significance to other sectors of healthcare. An evaluation of learning 
strategies developed by the Aarhus Primary Health Care Services, Denmark, is 
undertaken. Bygholm separates knowledge acquisition into three types: 
Object knowledge - what the system can do. 
Tool knowledge - how to use the system properly. 
Praxis knowledge - organisational values norms and criteria for proper 
use, i. e., why a system should be used. 
Bygholm argues that in her study there was a need for a distinction between different 
types of support depending upon the type of activity involved, i. e., depending on the 
what, the how, and the why aspects of systems education; user manuals and vendors 
alone were stated as insufficient educational resources. 
All of the studies reviewed so far are biased towards physician use and 
experience of systems. Studies involving other healthcare professionals are few (Kaplan 
and Shaw, 2002). Following the theme of human and organisational issues, Section 2.4 
reviews this in the context of Health Informatics. 
2.4 Organisational Factors and Health 
Informatics 
The aim of this section is to present an overview of the literature about Organisational 
Culture in Health Inforniatics to set the context for the focus of this thesis; see segment 
IV in Figure 2.1. This is not a detailed account, which is beyond the scope of this thesis. 
For a detailed review, an excellent literature review about organisational issues and 
evaluations in Health Informatics is given in a paper by Kaplan and Shaw (2002). 
Literature on organisational issues encountered within an ICU environment is given in 
Section 2.5. 
The structure of this section is as follows. To begin with, the prominent systems 
theories are reviewed in Section 2.4.1, while the literature about organisational issues is 
reviewed in Section 2.4.2. This covers the impetus for investigating organisational 
issues in healthcare, and user reactions to CIS when they are implemented within 
healthcare settings. 
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2.4.1 Systems Theories in Health Informatics 
There are many methodologies for the design, implementation, and evaluation of 
information systems. Kaplan (2001) conducts a literature survey of CIS evaluation 
methodologies in healthcare whilst critiquing randomised controlled trials (RCT) and 
experimental evaluation methodologies. Kaplan merges literature from many different 
fields to illustrate the need for evaluation designs beyond RCT that consider 
organisational concerns (such as cultural, social, and contextual issues) and that are 
grounded in evaluations from a variety of areas in medical informatics. She reviews 
cognitive, sociological, and social interactionist methodologies, the last of which she 
advocates. Kaplan's four C's methodology (Communication, Care, Control, and 
Context), developed for evaluating technology, is informed by much research on IT 
evaluations in healthcare. A theory that has had much influence in the development of 
the above-mentioned methodologies deserves reference. This theory is known as 
sociotechnical theory. 
Sociotechnical theory has been much applied in industry since its origins in the 
late 1950s (Mumford and Weir, 1979). The notion of sociotechnical systems was 
created by the Tavistock Institute as a reaction to the mechanistic approach to job 
design, as advocated by proponents such as Fayol (1949) and Taylor (1911). The 
individual focus on job design was no longer considered appropriate, the organisation as 
a whole was given emphasis, as comprising of inter-dependent social and technical 
systems. A focus on workers' emancipation and social issues forced recognition of the 
human side of job-design. Reorganisipg the social system in isolation from the technical 
system was deemed to be inefficient and ineffective; to achieve maximum results, both 
systems were to be seen as inter-dependent (Bumes, 2000). The concept was subject to 
much criticism at the time of its development, not only as a backlash from the 
mechanistic school of management theory, but also from sociologists - who accused it 
of ignoring the wider social society of which organisations are a part - and trade 
unionists, who accused it of being a manipulative strategy that undermined them (ibid). 
Sociotechnical systems, like most methodologies, advocate one best way for 
managing all organisations. There are cases where a holistic approach to organisational 
life may disregard the importance of individual input. Further, reorganising job design 
as separate from technology cannot always be viewed as detrimental, as there may be 
cases where technology is not the answer. 
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At the time that the theory of sociotechnical systems was developed, the 
technical systems it referred to were predominantly large, industrial machines used in 
labour-intensive jobs. The emphasis was on social systenis that should not be 
reorganised with disregard to technical systems. At present, the technical systems 
referred to in healthcare are CIS and, as the literature reviewed in Section 2.3 has 
shown, there has been a shift in emphasis to technical systems that have been (and 
should not be) designed without consideration of the social system within which they 
operate. We can see that the emphasis has reversed. 
Berg et al. (2003) state that the ten-n and concept 'sociotechnical' has changed 
greatly from the original concept discussed earlier as work conducted by the Tavistock 
Institute. They claim that there is no such thing as 'the' sociotechnical approach. 
Instead, the authors take sociotechnical theory to aid: 
"understanding ofhoiv information systenis or novel electronic communication techniques are developed, 
introduced and becomepart ofsocial practice ". 
Berg et al (2003) believe that a sociotechnical approach emphasises the social nature of 
healthcare practices, which is often ignored when designing and implementing 
information and communication technology in healthcare, yet this, they claim, can make 
the difference between success and failure. 
Sociotechnical theory is recognised as introducing the notion that social systems, 
and all that they entail, are important. Berg's (1999) adaptation and application of 
sociotechnical theory steers it towards an empirical methodology in healthcare; he 
focuses on organisational issues and work practices. An important principle of his work 
is that "Users adjust their work routines - to a system just as they adjust system use to their work 
environments, each changing the other in the process. " (ibid). Although users influence how the 
system is used, and to some extent the system impacts the way in which users conduct 
their work, technology cannot alter humans per se, although it can alter how they 
perform certain tasks. Technical systems are static. Humans on the other hand, have the 
power to 'make or break' technology. 
Kaplan (2001) suggests that Berg implies that user beliefs, values, practices, and 
norms influence the way in which an application is used. This is interesting, because 
Kaplan describes this as the 'fit' between the technology and the users. However, in the 
light of the culture discussion in Section 2.2.3, this can be interpreted as the 'fit' 
between the technology and the organisation's culture. 
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In 2003, the journal Methods of Information in Medicine ran a special issue on 
Infon-nation and Communication Technology (ICT) in healthcare, and sociotechnical 
approaches. Berg et al. (2003) stated that many of the articles included in the special 
issue were about failed systems, although they were not selected specifically for this 
reason. The reason for the high number of papers about failed systems was because 
many systems fail, they argued. Further, they state that failures are not primarily due to 
hardware and software limitations of technology, but because systems are built upon the 
wrong assumptions, and because evaluations are not conducted during implementations. 
Comford and Klecun-Dabrowski (2003) state that there is no single linear model 
of systems implementation and outcomes as they believe that success and failure is 
dependent upon complex and interrelating sociotechnical factors. The authors identify 
four systems theories: 
0 Technological Determinism - where technology is seen as an independent driver of 
changes in society. 
0 Social Constructivism - the idea that technological artefacts are both culturallY constructed 
and interpreted such that the stability of artefacts is dependent upon many factors such as 
economics, politics, and culture in the development, implementation, and use of technology. 
0 Actor Network Theory - the notion that innovations are developed and/or adopted through 
the building of networks and alliances between human and non-human actors within a 
heterogeneous network. The key focus of this theory is to persuade actors to play their part 
in the network, and to accept that their attributes must be changed to fit other components of 
the network. The theory particularly scrutinises the inter-relationships between these 
entities. Further, it suggests that artefacts should be seen as inputs to an organisational 
network, and not as a cause of events. 
0 Critical Theory - the notion that all social phenomenon are historically created and 
conditioned. Technology is not seen as autonomous, but as an instrument for social control. 
The latter three approaches advocate that technology is shaped by the conditions of its 
creation and use, and accept the context surrounding the technology as a major 
influence, for example, political, economical, and organisational influences. Comford 
and Klecun-Dabrowski (2003) criticise Social Constructivism, Actor Network Theory, 
and Critical Theory as lacking an evaluative stance. Further criticisms are aimed at the 
lack of guidelines for selecting relevant groups as actors as other groups that may also 
be interested in technology may be excluded. Actor Network Theory is criticised as it 
does not make a distinction bet-ween technology and society, and states that both should 
be studied in the same way. 
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Other approaches, such as the cognitive methodologies promoted by Patel and 
Kaufman (1998), focus on psychological approaches for analysing tasks and user 
interfaces, drawing upon Human-Computer Interaction (HCI) theories; much of this 
work has drawn similar conclusions as the proponents of sociotechnical theory, 
although the focus is more on the way in which people think about particular tasks, and 
how this impacts the way in which these tasks are performed. 
All the described approaches share a common factor in that they advocate a 
'human' side to designing, implementing, and evaluating technology. These approaches 
recognise humans and their environments as being major contributors to the success 
and/or failure of systems in organisations, and promote investigation into these aspects. 
Investigations into CIS are usually carried out either for the design and/or 
implementation and evaluation of technical systems. These investigations take the form 
of either formative or summative evaluations (Protti, 1999; UKIHI, 2001). Literature on 
the human and organisational aspects of system design focuses on HCI and user 
involvement, to better inform design issues with the specific aim of building a usable 
technological system. Studies on implementation issues revolve around organisational 
change and the management of the change process. Their specific aim is to set a 
technological system into action. 
Formative evaluations are conducted to investigate the organisational and user 
requirements for system design and/or implementation, whilst summative evaluations 
are usually conducted immediately after design and or implementation (UKIHI, 2001). 
Although conducting both formative and summative evaluations are ideal, they have 
also been found to be resource intensive (Kay, 1997). 
2.4.2 Organisational Issues in Health Informaties 
This section first presents literature that evaluates the impetus for investigating 
organisational issues in healthcare, and then provides evidence of the factors that affect 
the diffusion of CIS, and user reactions to it. 
The Impetus for Investigating Organisational Issues in Healthcare 
It is widely recognized that the healthcare environment in developed countries is 
evolving (Benson, 2002b; HMSO, 2000; IOM, 2003; Schloeffel, 1998, Tierney, 2000). 
A review report for the World Health Organisation (WHO) was conducted to examine 
the evolving role of the hospital within healthcare in industrialized countries (McKee 
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and Healey, 2000). They reviewed the literature on the desire for improved 
performance, and found that it was the main driver for organisational changes occurring 
in the hospital environment. 
The authors also found that behavioural interventions such as quality assurance, 
changing the organisational culture, and the use of financial incentives are often the 
most popular refon-n strategies employed by hospital management to work towards 
improved performance. Where behavioural interventions are reported as having a 
limited impact alone, financial incentives are described as blunt. Organisational Culture 
however, is seen as an important deten-ninant of quality of care, which they report has 
received little consideration. 
Koeck (1998) is also of the view that to improve the quality of care, 
organisational changes are necessary. In particular, the complexity of the change 
process is stated as being derivative of the complexity of the organization. So the more 
complex an organisation is, the more complex the change process is expected to be. 
Integration is also a key factor for successes; isolating single areas for change is stated 
as being the major reason why change projects often fail. This assertion is mentioned as 
a chief concern by lakovidis in Versweyveld (2000). lakovidis reports that in the US 
40% of IT users boycott initiatives because developers pay little attention to user needs, 
Kaplan and Shaw (2002) also support this statement. lakovidis stresses the importance 
of targeting user profiles and analysing different contexts of IT within clinical routine. 
He asserts that the user is concerned with three things: speed, speed, and speed, and that 
users, developers, and decision makers need to work together, because they do not 
understand each other at present. His views concern most IT initiatives around the 
globe, and not just the case in point. 
Brender et al. (2001) report the findings of a study involving 29 international 
experts who gathered to discuss the question 'what is needed to implement the 
information society within healthcareT EPR and people issues were strongly 
emphasised as topics in need of research. 
In their book, Mark and Dopson (1999) present a collection of articles in 
healthcare management and organisational behaviour from a symposium at Middlesex 
University, UK, in 1998. This collection of articles was composed to address the issue 
of how the research agenda in organisational behaviour has been, and is being, 
interpreted. The articles covered a variety of areas in healthcare and organisational 
behaviour, such as organisational development as a reactive and a proactive process, the 
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role of the consumer in healthcare, the issue of leadership and change, the sources of 
power and influence in clinical directorates, and interventions to health organisations. 
The editors concluded, amongst other things, that research into the areas of inter- 
organisational collaboration, people behaviour in healthcare, and international 
collaborations were critical to this field of study, and had been neglected in the past. 
The importance of organisational issues is echoed in the seminal work by Sauer 
(1993). He is quoted by Aarts et al. (1998), as stating that 
"Success andfailtire of implementation of information systems is mostly due to organisational factors. 
Only a minority are ascribed to the technology. " 
Protti (2002) arrived at similar conclusions, as this quote demonstrates: 
"It is people and not technology that make the difference between success andfailure. Mien end users 
want to make information technology tools ivorkfor Mein, even ýpoor' tools can deliver real business 
vahte. " 
In terms of evidence in support of Organisational Culture, a literature search to 
examine the question 'Does Organisational Culture influence healthcare performance? ' 
was conducted by Scott et al. (2003). The authors found ten studies that met their 
inclusion criteria. Of those only four reported on supportive evidence for the link 
between Organisational Culture and healthcare performance. The authors concluded that 
there is some evidence to support the link, but it is difficult to articulate the nature of 
that relationship. This may be related to the difficulty of defining culture and 
performance as variables. 
In an empirical study by Nikula (2001) investigating clinician and management 
use of an EPR in two Swedish hospitals, it was found that there is a large discrepancy 
between the management and clinician frame of reference for the EPR. Interviews with 
senior management and clinicians revealed that a shared vision for resolving this 
problem was important, but communicating a shared vision was seen as problematic. 
Where management felt that. clinicians had been involved and were informed, clinicians 
reported that they were not really involved in implementations, nor informed. For the 
benefits that an EPR may create, it was stated that inducing organisational change was 
necessary (ibid). 
The importance of examining clinical activity before EPR development was 
established by Beuscart-Zephir et al. (2003), who analysed 50 pre-operative anaesthetic 
consultations, involving 13 clinicians. They found that where information management 
is closely linked with clinician activity, it is necessary to conduct analysis of these 
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activities so that the context of organisational factors can be understood, and used to 
infonn EPR developments. 
Iles and Sutherland (2001) present a comprehensive guide to organisational tools 
and concepts to better aid healthcare professionals involved with CIS implementations 
in the UK NHS. They review many tools and techniques such as: Five Whys, Soft 
Systems Methodology, Process Modelling, SWOT Analysis, Force Field Analysis, 
Total Quality Management, and Business Process Re-engineering. They state that: 
"The literature is dominated by descriptions of models and approaches, prescriptions and no 
evidence ... articles based on empirical research are relatively rare, and are predominantly single site 
case reports. " 
Noted authorities on the subject of Organisational Culture and Health 
Informatics such as Aarts et al. (1998); Andersen et al. (2002); Ash (1997); Ash et al. 
(2003); Berg (1999,2001,2003); Kaplan (2000a, b); Kaplan and Shaw (2002); Protti 
(1999,2002) are but a few examples from a large pool of proponents for investigating 
organisational factors in Health Informatics. 
User Reactions to CIS in Healthcare 
A survey to measure physician satisfaction with an EMR was conducted by Sittig et al. 
(1999). The survey was distributed to 75 primary care clinicians, of whom 65% 
responded. All respondents used the system heavily, and had been using it for over two 
years. The motivation for the research was the popular notion that if users do not like 
the system, they will not use it. Their findings suggest, that despite satisfaction with 
system design and interface, system capability did not meet user expectations. The 
authors report that the system was being used by 2000 more users than it was designed 
for, and that both hardware and software were becoming obsolete. However, there were 
no immediate plans to update the system. 
Shortages of resources in healthcare indicate that this could be a problem that is 
common to many. Rather than buying a system with the potential for it to be upgraded 
and evolve with user requirements, healthcare organisations do not have the resources to 
perceive CIS as more than static systems. This paper highlights the need for, and the 
importance of, systems 'evolving' with user requirements. Issues of CIS transferability 
from one setting to another are highlighted in a report by Heathfield et al. (1994), which 
draws attention to the problems of applying CIS developed in one setting to another. 
The authors describe the application of PEN&PAD (originally developed for use by 
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primary care physicians), in the development of a nursing record system for use by 
nurses, based in a hospital department that cares for the elderly. 
Despite the emphasis on user centred design, and despite extending the CIS to 
encompass the differences in context and work processes, nurses did not accept the 
system. Nurses preferred to be descriptive and to use free text as a method of recording 
data, rather than using structured data entry. The authors justified rejection by stating 
that the philosophy of how nursing work is conducted is very different to that of a 
physician. Their paper points out that encapsulating user requirements is beyond 
technical and structural issues such as work flow and data that represent that work; it 
also requires an understanding of psychological issues, i. e., rejection was not simply a 
matter of workflow or technical issues such as data capture and CIS interface, but was 
related to the norms and values that they were used to, and also about the preconceived 
notions about what their work entailed and how it should be conducted. 
Rocha et al. (2000) conducted a study to analyse computer-generated reminders 
about infections, and whether this could influence clinical practice patterns. By clinical 
practice patterns they mean the frequency with which paper medical charts are referred 
to. They found that computer-generated reminders were unable to influence the practice 
patterns of clinicians, and stated the possible reasons for this as the CIS being only 
partially integrated into the healthcare process, inadequate training given to physicians, 
and methodological reasons such as sample size. 
A study comparing two patient care information systems in the same hospital 
was conducted by Van der Meijden et al. (2003). The authors investigated human and 
organisational factors by way of interviews. The first system was a graphical user 
interface to the hospital infon-nation system, which had been implemented four years 
prior to the investigation. Only physicians were interviewed. The second system was a 
full EPR for stroke, and this evaluation was conducted a year after its implementation. 
Twelve users were interviewed at this site, including the head of nursing staff and 
physicians. Their results indicated that users found both systems to be user friendly, and 
enhanced coordination between different care providers, although communication 
between management and clinical staff was found to be poor. User requirements were 
not explicitly investigated before the system was developed. Although physicians and 
the head of nursing believed that the system improved coordination between different 
healthcare disciplines, it would have been interesting to elicit nursing opinions about the 
system, as compared to physicians. 
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Ash et al (2003) conducted a multi-site study investigating success factors for 
implementing computerised physician order entry in three secondary care settings. Two 
sites had a long-term history of using physician order entry, and one had recently 
implemented this. A multi-disciplinary team of researchers conducted observations, 
interviews, and focus groups with a number of hospital staff (administrative, clinical, 
and IT staff). The authors found that contextual issues are often uncontrollable by those 
implementing information systems, and need good leadership not only at a high level, 
but also intermediary, during implementations. They also found a difference between 
the purpose of the system and the way it was actually used, with users valuing speed as 
a key factor for encouraging system use. Although the results were stated as indicative 
of all three sites, no comparative discussion of the three sites was given. 
Sections 2.5-2.7 review literature on organisational factors and CIS specifically 
within the ICU. 
2.5 Organisational Factors in Intensive Care 
This section introduces the ICU environment, and presents an over-view of its 
characteristics in terms of structure, running costs, and changing requirements over time 
(Section 2.5.1). Section 2.5.2 concentrates on clinical communication in the ICU, so 
that it is possible to understand how, and for what purpose, infon-nation is used in the 
ICU. 
2.5.1 Characteristics of Intensive Care 
Bennet and Bion (1999) describe the organisation of ICUs historically. They report that 
the first ICU dated from a polio epidemic in Copenhagen in 1952, when doctors reduced 
the percentage mortality rates by separating patients with severe and acute illnesses 
from the rest of the hospital, instead of across different wards. 
An ICU typically hosts a plethora of medical staff, usually consisting of between 
two and seven consultants responsible for clinical care, junior doctors - either 
anaesthetic senior house officers or specialist registrars - and nurses. Each patient is 
usually assigned one nurse at all times (Jones et al., 1998; Bennett and Bion, 1999). 
It is an expensive area of the hospital, costing fIOOO to E1800 per bed per day, 
with an average ICU containing between 4 and 6 beds in the UK. Salaries comprise 
more than 60% of these costs, with 10% being taken by pharmacy, and 10% being 
Chapter 2 Literature Review -35- 
disposables (ibid). Similarly, a study in Canada (Norris et al., 1995) compared ICU and 
non-ICU costs per day, by analysing the records of 386 patients. They found that ICU 
costs are six to seven times greater than most general wards. As well as the intensity of 
care required by patients, costs may also be spiralling due to a change in ICU 
characteristics (Jakob and Rothen, 1997). Reductions in mortality rates and length of 
stay, the increasing age of patients being treated, and the increasing number of patients 
admitted, is having an incremental effect on workload (Jakob and Rothen, 1997). 
Patient outcomes have also been correlated with nursing workload and nurse staffing 
(Celi et al., 2001). 
This implies that investment in CIS must be carefully budgeted. Increasing 
reports of under-investment and bed shortages can mean that CIS are often not a priority 
(Ovretveit, 2001). However, investments of this nature are usually under pressure to 
prove their worth in a fairly short amount of time, so that it is justifiable to sustain them 
(Mitev & Kerkham, 2001). Organisational studies by Pronovost et al. (1999) and 
Zimmerman et al. (1994) focus on the relationship between ICU organisational 
characteristics and outcomes. 
The Pronovost et al. (1999) study aimed to determine whether organisational 
characteristics of an ICU were related to clinical and economic outcomes of abdominal 
aortic surgery patients in all Maryland hospitals in the USA. The study employed 
observation as a primary source of data collection and concluded that clinicians and 
hospital leaders should consider the affect of organisational characteristics on patient 
outcome involving high-risk operations. Zimmerman et al. (1994) conducted a nine- 
centre study in the USA, and also used observation and interviews for data collection. 
The ratio of actual to predicted hospital death rate was used to measure ICU 
effectiveness, and the ratio of actual to predicted length of stay was used to assess 
efficiency. They found that those with excellent organisational practices also advocated 
a patient-centred culture, strong medical and nursing leadership, and effective 
communication and coordination; Celi et al. (2001) report similar findings. 
2.5.2 Communication in Intensive Care 
In 1997 the president of the society for critical care medicine, Nelson (1997), reported 
that intensivists were "ovenvIielmed ivith a sea of data in the ICU.... there is much data, but of 
questionable quality... " ICU has been reported as being a major site for medical errors (Celi 
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et al., 2001). In a review of 16,000 hospitals, Moss et al. (2002) cite Wilson et al., who 
state that communication errors were the leading cause of deaths, and Donchin et al., 
who found that 37% of errors in intensive care were the result of verbal exchanges 
between nurses and physicians. This is not far from the IOM (1999) estimate of between 
44,000 and 98,000 deaths per year as a result of medical errors in the US. The need for 
reliable and accurate methods of managing, recording, accessing, and using quality 
patient data could not be more pressing, yet despite these findings, studies by Reddy et 
al. (2002), Parker and Coiera (2000), and Manias and Street (2000) reveal that face-to- 
face communication is preferred. 
Reddy et al. (2002) state that before systems designers can build appropriate 
technologies, they not only need to understand the nature and scope of user information 
needs, but also the effect of the organisational setting on those needs. The authors 
conducted a qualitative study based in a surgical ICU. They observed the multi- 
disciplinary ICU team on morning rounds for three months. They found that 
organisational information was of great importance to the surgical ICU team, with their 
first source of reference being other members, rather than paper or electronic sources of 
information. Although humans are good at providing contextual inforination, how, if, 
and when they provide that information is dependent upon how amenable they are to 
others, as well as group dynamics. 
Parker and Coiera (2000) found that the communication behaviour of clinicians 
is often inefficient; they favoured telephone calls and chance face-to-face meetings 
above other methods of communication. Because this method has a highly interruptive 
effect on the working environment, it increases the likelihood of errors being made. The 
paper centres around a cognitive psychological perspective, with a view to 
understanding how human memory functions, and the potential consequence of 
interruptions on the ability to work effectively. The authors observed the 
communication patterns of eight physicians and two nurses in a hospital in the UK, and 
concluded that there is considerable empirical evidence to suggest that interference can 
have powerful negative effects on attention and working memory. 
Sections 2.5.1 and 2.5.2 highlight the complexity of an ICU environment, both 
in terms of its requirements and in terms of its structure. The need for timely, accurate, 
and comprehensive infon-nation about the patient is therefore imperative. Yet, despite 
the importance of availability of information in a complex environment such as an ICU, 
there is poor access to it (Hagland, 1998). The complexity, uniqueness, and variety of 
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infannation required by clinical staff in the ICU is reported by Hagland (1998), 
Campbell et al. (2001), and Randolph and Kane (1998). This affects CIS design and 
development, as well as the potential to meet some of these information needs (Mitev & 
Kerkham, 2001). CIS in intensive care is the next topic of discussion. 
2.6 CIS in Intensive Care 
The types of CIS to be found in ICUs are described in Section 2.6.1, and a brief 
description of their development is also presented. In Section 2.6.2 CIS outcomes in 
ICU are discussed in terms of findings from empirical studies. 
2.6.1 Background to CIS in Intensive Care 
An ICU is often more technically advanced than any other area of a hospital (Craft, 
2001). CIS are described as having the potential to improve the quality and coherence of 
ICU patient information and subsequently the process of patient care (Varon and Marik, 
2002; Campbell et al., 1999). 
The ICU is home to many different types of CIS, of which only physiological 
monitors can be found in all settings. These aid observation of variables such as 
temperature, fluids in/out, and heart rate etc., and originated in the 1960s (Rockwell et 
al., 1966); a few in-house special purpose systems provide data from ancillary 
healthcare groups, such as radiology and laboratory systems. Other systems, such as 
respiratory therapy management systems, are used to automatically record and manage 
ventilator data. Again, these can be found in only a handful of ICUs (Campbell et al., 
2001; Craft, 2001; Varon and Marik, 2002). Finally, critical care information systems 
(CCIS) are designed for the collection, storage, organisation, and manipulation of all 
patient data. They are usually placed by the bedside and networked to a central 
computer in the ICU (Campbell et al., 2001). 
CCIS functions can range from all or some of the following: automated vital signs 
capture, laboratory results reporting, patient record management, admission and 
discharge, patient care plans, and decision support (Campbell et al., 2001). Yet in 
reality, very few ICUs house these systems in their entirety, and few achieve the vision 
of an integrated ICU, where data from all systems is incorporated so that it is accessible 
from a single system such as an EHR. Instant, electronic access to data from 
geographically separate sites is also a prospective vision (Craft, 2001; Hagland, 1998). 
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CIS are usually customised to specific ICU and clinician requirements. However, 
this is costly and resource intensive (Mirkle et al., 2001; Campbell et al., 2001; Varon 
and Marik, 2001) and may be why, in the opinion of Beuscart-Zephir et al. (2003), CIS 
in hospital departments such as emergency, ICU and anaesthesiology: 
"tend to rentain cut offfrom the general development ofhospital infonnation systems: they are still badly, 
or not ivell coniputerised. " 
Varon and Marik (2002) also express dejection: 
"It seems somewhat absurd that ive can put a man on the moon, yet most hospitals in the US use outdated 
technology that cannot ensure that the right dnig gets to the rightpatient. " 
These views are in contrast to the optimistic descriptions of CIS capabilities given by 
Campbell et al. (2001). 
This section has described the types of CIS used in ICU and their utility, 
however Fraenkel et al., (2003) state that "there is little literature on the olaconles of CIS 
implementations. " This is explored next. 
2.6.2 CIS Outcomes in Intensive Care 
In this review section, literature giving empirical evidence of CIS outcomes in intensive 
care is reviewed. Outcomes centre around quality benefits, the availability of clinical 
information, savings in time and processes, and the transferability of CIS developed in 
ICU to other areas of a hospital. 
A longitudinal study over a period of four years, employed observational 
techniques and surveys to assess user perceptions and the quality benefits of a CIS 
replacing paper (charts, patient records, and results reporting) in a twelve-bedded ICU 
in Australia (Fraenkel, et al., 2003). The evaluation was conducted before and after the 
implementation of the CIS. It was found that medical incidents were reduced from 85 to 
55, intravenous incidents were reduced from 140 to 46, and ventilator incidents were 
reduced from 51 to 10. The survey results revealed that nurses had a positive perception 
of the electronic CIS. They felt that it reduced time spent documenting, and increased 
time with the patient. Reductions in incident reporting were measured using a quality 
improvement database, where clinicians would record any adverse incidents as they 
were identified, and these would be reviewed by clinical supervisors before being 
analysed. As this quality improvement database existed prior to any CIS 
implementation initiative, it could be said that the unit was already surrounded by a 
culture that aimed to improve patient care and outcomes. Perhaps the fact that the CIS 
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replaced many functions, and did not create many others of its own also meant that 
information sources were integrated, thus saving time switching between systems and 
looking for information from disparate systems. Time and experience may also be a 
factor for its success, since the CIS was evaluated over a four-year period; often 
evaluations are conducted under much shorter time scales (Kaplan and Shaw, 2002). 
Improved availability of clinical information is also a key benefit. It has been 
stated that intensive care clinicians' infon-nation needs are much broader than individual 
patient decision-making (Forsythe et al., 1992). In the US a web-based CIS was 
developed and evaluated by Randolph and Kane (1998). Initially, this development was 
a precursor to a web-enabled bedside charting system that was to be implemented in the 
ICU. The authors wanted to maximise the information requirements that could be met 
via this system. An inventory of existing paper and electronic information sources was 
undertaken; these were enveloped in the prototype. After implementation they found 
that 56% of the identified requirements were met by the prototype, while 23% were 
partially met, and 19% were unavailable. After implementation of the bedside CIS, over 
73% of information requirements were now met. Although many of their information 
requirements were available from paper-based systems, they were not as readily 
accessible. This system was also linked to the hospital information system, and as well 
as providing links to evidence-based practice, clinical practice guidelines, and other 
sources of clinical information, patient profiles were also attainable on password entry. 
Again, attempts to integrate the system with the hospital information system may have 
improved acceptance. A longitudinal study would indicate how these findings change 
over time, if at all. Issues such as training and user acceptance were not evaluated in this 
study. 
The time taken for a radiographer to process X-rays decreased by 15 minutes 
overall upon the implementation of a picture-archiving and communication system 
(PACS) in a UK hospital according to Cox and Dawe (2002). The 20-bedded ICU was 
the first part of the hospital that it was linked to. Cox and Dawe (2002) assessed the 
impact of the PACS introduction on clinical staff. Questionnaires and interviews were 
deployed before and after the implementation. Of 50 distributed questionnaires, 39 were 
returned - 17 from radiographers, with the remainder quite evenly spread out between 
physicians and nurses. Overall, 94% of the ICU staff felt that the service provided by 
radiology had improved significantly, it was faster, fewer images went missing, and the 
quality of the images was acceptable. Staff did, however, express concerns about 
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technical problems such as breakdowns, and desired it to be compatible with other 
systems in the ICU. 
Research by Marasovic et al., (1997), Pierpon and Thilgen (1995), Lee et al., 
(2002), and Apkon and Singhaviranon (2001) are all concerned with the impact of CIS 
on ICU activity. Apkon and Singhaviron (2001) focus on physicians, while the others 
focus on nurses. The CIS assessed replaced a set of paper-based patient information, for 
example, charting systems, registration systems, or nurse care plans. The CIS were also 
isolated examples, and not networked to the hospital CIS. The Marasovic et al., (1999) 
study used RCT methods and compared the effect of a paper-based registration system 
with an electronic one. They found that over an 18-hour shift nurses achieved a time 
saving of 29 minutes. Pierpon and Thilgen (1995) found that although the computerised 
charting system they evaluated reduced time gathering and charting patient data, nurses 
also spent 10% of their time entering and viewing it, which meant that the net effect was 
neutral, i. e., 24% of nursing time was taken up charting patient information both before 
and after CIS implementation. Whether this would change over time could be tested, as 
nurses may become faster at typing and viewing information on the computer if they 
become more experienced; the level of IT competence is not clear within this study. 
Weigle et al. (2001) give an example of a ftilly computerised ICU. They describe 
clinical activity over a period of one week from a physician's perspective. Complete 
patient records were held on a wireless mobile computer, which gave access to 
laboratory results, trends, orders, the internet, and summary statistics. It was not yet 
networked to a radiology system, as that department did not have the required 
infrastructure for it. Physician access to the EMR was also available, via ethernet, from 
home. This paper is an excellent example of a very nearly complete exploitation of 
Internet- and ethernet-enabled technology. 
Junger et al. (2001), who evaluate the suitability of a Patient Data Management 
System (PDMS) for ICUs on a general ward, describe the transferability of CIS 
developed in ICU to other settings. The PDMS was developed on the ICU, and then also 
implemented in a patient management clinic in 2000. A survey of 14 clinical staff from 
the general ward revealed that it was user friendly, useful, and easy to use and learn. 
The authors found that working from an area with complex information requirements to 
one that was less intensive enabled them to cope better with transferring the system to a 
less complex ward. This is also echoed by Hagland (1998) who quote the clinical 
director of an ICU in a Californian hospital: 
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"In selecting the system ive did, ourfeeling was that a system that worked in the ICU could easily be 
scaled down to ivorkfor thefloor, whereas a system designedfor thefloor would not necessarily scale tip 
to the ICU. " 
Having reviewed the types of system in an ICU and their effects, the next section 
reviews literature that tackles the intersection of all three areas: CIS, Organisational 
Culture, and intensive care. It must be noted that the section title includes organisational 
studies and not Organisational Culture, because it was found that very few studies 
tackled Organisational Culture as it was defined in Section 2.2.3, however some of the 
Organisational Culture factors may also be found in the organisational studies. 
2.7 Evidence of CIS and Organisational Studies 
in Intensive Care 
This final review section aims to provide evidence of the existing literature on CIS, 
organisational studies, and intensive care. 
Carmel and Rowan (2001) conducted a rigorous literature search using 
electronic (Medline, and the National Library of Medicine database) and hand (Critical 
Care in Medicine, Intensive Care Medicine, conference abstracts) searches for 
publications that provided empirical evidence on the role of organisational factors in the 
critical care literature. The search was conducted for all literature published between 
1966 and 2000. They found 63 publications that related to 54 different studies, which 
they grouped around eight main categories: 
1. Staffing (44) 
2. Teamwork (14) 
3. Pressure of work (13) 
4. Protocols (11) 
5. Admission (2) 
6. Technology (6) 
7. Structure (6) 
8. Error (2) 
They proved that studies evaluating organisational factors in ICU do exist, but in terms 
of this thesis it is interesting to note that only 6 studies considered technology. 
Two papers (Celi et al., 2001 and Qavi et al., 2001) are based in the US and the 
UK respectively, and deal with the subject of telemedicine in ICU. The Celi et al. 
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(2001) paper describes a futuristic 'technology-enabled' care model that utilises 
telemedicine to enable 24/7 patient care. They believe that this model will support the 
multi-disciplinary ICU team by enabling a centralised eICU team that allows remote 
monitoring of patients across many geographically dispersed hospitals. This team would 
be able to conduct virtual rounds using teleconferencing facilities, as well as hold 
virtual meetings. The use of tele-videoing would enable constant monitoring of patients 
who demand this. It would be possible, they state, to monitor and treat patients remotely 
by communicating with the bedside caregiver, who would administer care. Patient 
records and monitoring information would be available to them electronically. This, 
they believe, is a workable solution, especially as many ICUs are under-staffed, and 
suffer a shortage of intensivists. They fear the acceptance of this model is dependent 
upon hospitals being able to foresee its value and physicians being able to change their 
working practices. 
In contrast, the Quavi et al. (2001) study examines the actual outcomes of 
telemedicine in an English neonatal intensive care unit (NICU), where 
videoconferencing was used to monitor infants. The research was conducted using 
interviews and questionnaires, and involved 49 ICU nurses. 20 nurses returned 
questionnaires, of which 18 were usable. They found that nurses viewed video- 
conferencing as an unsuitable alternative to face-to-face communication, but would 
consider it when face-to-face communication was not possible. The authors identified 
several cultural factors that influenced this outcome. Nurses felt that sight and sound 
rated higher than smell and taste in the NICU, as many of the observations depend upon 
infant pallor and the sounds that they make. Nurses felt that the image and sound quality 
of video-conferencing could not match the quality of the human senses. Further, they 
proposed that it lacked a sixth sense, that of intuition, which was only gained by face-to- 
face contact with the infants. CIS acceptance in ICU then, is beyond accepting 
organisational changes such as work practices as suggested by Celi et al. (2001); it also 
concerns cultural factors as demonstrated by Quavi et al. (2001). 
Mitev et al. (2001) follow the implementation of a patient data management 
system (PDM) in a UK ICU. They too found that implementation was a complex 
process that involved many organisational issues, such as costing of health technology, 
legal purchasing requirements, training and staff experience, and relationship with 
suppliers. Although users were very involved with PDM development and were 
enthusiastic, this enthusiasm lagged as the implementation progressed. R was thought 
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that this was due to high user expectations of the system that were not realised. Users 
also had poor IT skills, and remained unsupported by management. As neither 
purchaser nor supplier had an understanding of what was required, soffivare also had to 
be extensively modified to fit in with ICU work practices. 
Yet Alasad (2001) describes ICU nurses as more technically competent than 
nurses from other areas of a hospital. Alsad's (2001) research concerned investigating 
the effect of technology on ICU nurses. 22 nurses were inter-viewed and observed. The 
technology investigated consisted of technical equipment, such as physiological 
monitors. Nevertheless, her findings showed that new nurses felt the technology to be 
demanding and time-consuming, but over time, more established nurses felt it was safe, 
secure, and informative. Alasad argues that experience improves acceptance, to the 
extent that the technical equipment was seen as part of the patient care process, as 
without it, the patient would probably die. 
2.8 Conclusions 
The specific issues identified in the literature review are given first, and then they are 
discussed: 
1. Since the introduction of CIS in healthcare in the 1960s, little has changed in 
terms of organisational problems when implementing CIS (Richards, 2001). 
2. Despite decades of research in Health Informatics, implementing and 
integrating a CIS into secondary care remains a major problem (Benson, 2002a 
and 2002b; Schoeffel, 1998). 
3. The issue of integrating CIS successfully into complex areas with equally 
complex infon-nation needs becomes much more salient with government 
imposed deadlines for EHR developments across the globe (AMIA, 2003; 
Iakovidis, 1998; Moorman and Van der Lei, 1999). 
4. ICU information requirements differ substantially from other areas of a 
hospital, and this will affect the design and development of CIS (Hagland, 
1998; Campbell et al., 2001 and Randolph and Kane, 1998). 
5. The issue of transferability of CIS developed in one setting to other healthcare 
departments and institutions is challenging (Heathfield et al., 1994). However, it 
has been demonstrated that CIS developed in complex areas such as ICU are 
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more likely to succeed in other less complex areas of healthcare, rather than 
vice-versa (Junger et al., 2001 and Hagland, 1998). 
6. Few large-scale studies of ICU exist (Bennet and Bion, 1999) and very few 
tackle the issue of Organisational Culture and CIS in intensive care. 
7. Few organisational models developed for informing CIS implementations are 
based on empirical evidence (Iles and Sutherland, 2001). 
The healthcare environment is changing; the emphasis on better standards and quality 
of care for patients has never been greater (HMSO, 2000; IOM, 2003). This shift is 
creating a change in the way that care is delivered from single clinicians to 
multidisciplinary teams (Benson, 2002b; Schloefel, 1998; Tierney, 2000). The role of 
the patient is also changing, from one of passive recipient of care, to one which 
proactively seeks information and demands to be more involved in decisions related to 
their own healthcare (DoH, 2003; Munir, 2000; Protti, 2002), while litigation is 
becoming a rising concern as patients are becoming less tolerant of medical errors. 
The EHR is one answer to managing the complex web of health-related patient 
information proffered by academics, medics, and CIS developers. Yet this entity is also 
a cause of anxiety amongst many healthcare professionals (BJHC, 2003; MRI, 2002). 
Several development and implementation problems are emerging in common with CIS 
problems faced in the past (Benson, 2002b; Richards, 2001). However, where 
previously there has been a tendency to focus on technical problems, there is a growing 
body of literature in support of human and organisational issues. In the review by 
Kaplan and Shaw (2002), these issues are reported as having been investigated for 
decades, yet it is only recently that this body of literature has gained momentum and is 
being considered seriously as useful and influential in informing CIS related issues 
(Cameron et al., 2002; Iles et al., 2002; HMSO, 2000; IOM, 2003; Protti, 1999,2002). 
EHR developments must consider the variety and complexity of information 
requirements of different hospital departments if the EHR is to be implemented and 
integrated effectively. Literature in Section 2.6 emphasised the importance of 
understanding organisational factors when designing EHRs, so that the multitude of 
CIS failures mentioned (Berg, 1999,2001; Kaplan, 2000a, b; Kaplan and Shaw, 2002; 
Sauer, 1996; are but a few) become a minority, rather than remain in the majority. This 
is a challenging task, and one that will require a major change in the status quo of CIS 
design, development, and integration. 
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This literature review has demonstrated that although many studies consider 
organisational factors within Health Informatics (Section 2.4), few empirical studies 
tackle the issue of Organisational Culture with regard to CIS in intensive care, as 
defined in Section 2.1.1, and those few that are conducted are single site studies (Iles 
and Sutherland, 2001). This implies that this thesis will be contributing original work 
based on empirical evidence to the existing academic literature; specifically a thesis that 
investigates Organisational Culture issues with regard to integrating CIS, in intensive 
care. 
2.9 Summary 
The aim of this chapter was to provide a synthesis of the literature of relevance to this 
thesis. Section 2.2 clarified the scope of the literature review and the terms and concepts 
referred to in this thesis, specifically, CIS, Organisational Culture, and intensive care 
unit. Figure 2.1 showed a Venn diagram illustrating the boundaries of the literature 
review, to clarify the scope of this chapter. 
Background to CIS in healthcare was given in Section 2.3, and current global 
perspectives and CIS situation were also discussed, ending with evidences of CIS 
application in the healthcare sector. Organisational factors, tackled within the Health 
Informatics literature, were reviewed in Section 2.4. This section put forward prominent 
systems theories that are also used within the discipline of Health Informatics. 
Literature demonstrating the impetus for investigating organisational factors and user 
reactions to CIS implementations was also reviewed. 
While Sections 2.3 and 2.4 reviewed the more general literature to set the 
context of the literature review, Sections 2.5-2.7 presented more focussed literature, 
which spanned the intersecting areas (I, II, and III in Figure 2.1). Literature of 
immediate relevance, area IV (see Figure 2.1), was presented in Section 2.7. This was 
the precise focus of this thesis i. e., evidence of the types of studies already conducted in 
the area of CIS and organisational factors in Intensive care. 
In conclusion, it was found that the literature recognises the importance of 
organisational issues. It supports the view that organisational factors, although 
researched for over 50 years, have only recently gained any standing within Medical 
and Health Informatics, and can inform greatly CIS implementations such as the EHR. 
Although the area of Organisational Culture has been investigated, studies of this sort 
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remain sparse in Health Informatics and are often conducted under the broader subject 
heading of organisational issues/factors. 
Moving onto Chapter 3, the focussed context of this research is presented, i. e., 
the context of the current CIS situation in Denmark and the UK, where data were 
collected, is explained first, and then the four sites used for data collection are 
described. 
Chapter 3 
Setting the Scene 
Chapter 3 focuses upon introducing the ICU settings in which the data on which this 
thesis is based were collected. It begins with an overview of the national EHR 
initiatives in England and Denmark, so that the broader context can be understood, 
before describing country and site selection and the locally based initiatives at each of 
the intensive care settings investigated. 
3.1 National Perspectives 
This section is concerned with presenting an overview of current EHR initiatives in 
England and Denmark, as the ICUs investigated arc based in these countries. Section 
3.1.1 discusses the government reports that lead to the current National Programme for 
IT (NPflT), and subsequently the development of the Integrated Care Record Service 
(ICRS) in the UK, while Section 3.1.2 examines the Danish EHR in terms of 
instructions from the Danish Ministry of Health and the precursor to the Danish EHR, 
the Green System, is described. A discussion on EHR contexts for England and 
Denmark in terms of the literature, and in comparison to global activities, is given in 
Section 2.2.2. 
3.1.1 The English Context 
The aim of this section is not to report the minutiae of EHR development in the UK, 
since excellent reports on this subject are already available (DOH, 1998-2002b; Protti, 
1999,2002). Rather, it is to present an overview of developments in order to set the 
context for this thesis. 
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Many reports have been written for the UK Department of Health since the 
seminal 'Information for Health (IfH)' (DoH, 1998), which stressed that the national 
information strategy would support the delivery of patient care, and the work of all 
healthcare professionals involved in the care of the patient. The EHR was considered a 
mechanism for achieving this, and so a set of six levels of acute EHRs were identified. 
These are given below: 
Level I Clinical administrative data - patient administration and independent 
departmental systems. 
Level 2 Integrated clinical diagnosis and treatment support. 
Level 3 Clinical activity support. 
Level 4 Clinical knowledge and decision support. 
Level 5 Specialty specific support. 
Level 6 Advanced multi-media and telematics. 
The above levels were accompanied by target dates for achieving them, so that 
by 2002,35% of all acute hospitals would have implemented a level 3 EHR, and by 
2005 all acute hospitals will have a working level 3 EHR. It has been five years since 
the publication of IfH, and the Department of Health has been much criticised for these 
targets, as reported by Protti (2002). The six levels of acute EHR have now been 
abandoned. However, despite the commotion it caused, Ifl-I did introduce the notion that 
an electronic system of patient records, integrated across all sectors of healthcare, would 
be of great benefit for patients and their care providers. What it did not manage was to 
foresee the extent of changes required to achieve this. 
In 2002, Protti was asked by the Department of Health to review the EHR 
situation in the UK (Protti, 2002). The Electronic Record Development and 
Implementation Programme (ERDIP) was set up by the NHS Information Authority 
(NHSIA) to record all initiatives regarding EHR development; of the 82 published 
reports reviewed by Protti, only 17 were considered sufficient for recommending a 
course of direction to follow. Protti reviewed a large tract of literature that discussed 
EHR success, not all about ERDIP. From this literature he identified 150 factors that 
predicted EHR success. Of these: 
Only 'top management support' and 'user involvement' were consistently associated 
with successful implementations. 
Involving the whole organisation was stated as being important if the EHR was to be 
supported by users. 
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Recognising the extent of changes to an organisation that an EHR requires was regarded 
as important, and therefore it was deemed imperative to acknowledge that effors at any 
of these stages may have negative results for the implementation. 
A local 'champion' is required to lead and support the implementation. 
The organisation must allow at least six months before it can determine whether or not 
the implementation has been a success or a failure. 
Protti stresses that it is 'people, and not tedmology, that niake the difference hetiveen success mid 
failurel. His conclusions emphasise the need for developing and implementing systems 
in collaboration with the intended users. 
It will be interesting to see if the recently launched National Programme for 
Information Technology (NPfiT) embraces Protti's findings. NPfiT was launched in the 
UK in 2002, following the publication of 'Delivering the NHS Plan' (DoH, 2002a), 
which further developed the proposals in the NHS Plan (DOH, 2000b) for a service 
centred around the patient. The NPf1T programme focuses upon four key developments: 
" An electronic integrated care records service (ICRS), including a nationally 
accessible core data repository and digital images. 
" The provision of facilities for electronic booking of appointments. 
" An electronic transmission of prescriptions service. 
An underpinning of IT infrastructure with sufficient connectivity and broadband 
to meet future NHS needs. 
The aim of the ICRS programme is to facilitate the sharing of patient records in order to 
provide clinical support across all care settings. It is due to be completed in 2010 (DoH, 
2002a). A great number of suppliers and developers will be involved with the design, 
development, and implementation of the ICRS. Data collected for this thesis, and 
discussed in Section 6.2.3, shows that the Danish EHR suffered many integration 
problems. These difficulties stemmed in part by the fact that a number of different 
suppliers were employed. The suppliers remained disconnected from each other, and did 
not communicate with either each other or the healthcare institutions. This has also been 
reported to be true in other studies in Denmark, as discussed in Section 2.3.2. The 
NPflT programme is also using a number of different suppliers and consultancies to aid 
ICRS integration. 
Chapter 2 showed that the ICU is an under-investigated area of healthcare. The 
implications of the ICRS for intensive care are in need of investigation. This thesis 
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explores the use of existing CIS in terms of Organisational Culture and the use of CIS 
by clinical staff, in order to assist CIS integration into ICU. 
3.1.2 The Danish Context 
In Denmark, all decision-making is decentralised to county councils, including 
decisions concerning healthcare. In 1998, the Danish Ministry of Health instructed each 
county in Denmark to develop hospital-wide EPRs by 2004 -a timescale not dissimilar 
to that of the UK. Prior to EHR development, Denmark used a national hospital 
information system known as the Green System, which is still used by 50% of Danish 
hospitals. Bardrarn (1997) describes the Green System as consisting of five modules: 
" Patient Administration Supports registration of services for patients, and is also used 
for budget planning and control. 
" Booking Internal Communication and Electronic Data Interchange (EDI) Supports 
requesting services from one department to another. EDI supports communication 
between hospital and GP and between different hospitals. 
" Management Charging and billing internally in health sector, and internal management 
information 
" Data Warehouse National shared database holds information on patients treated at 
different hospitals using the Green System. Provides historical view of patient 
treatments. 
" Classification Registers Statistically processes services according to classifications 
provided by Danish Ministry of Health. 
The Green System was predominantly used by trained secretaries and administrative 
staff for patient administration purposes. Although the Green System was designed to 
support co-ordination of treatment between different departments, few hospitals adopted 
this particular part of the technology (Bardram, 1997). Apart from the Patient 
Administration module it was not used very extensively, as hospital work practices were 
unsupported by it (Bardram, 1997). 
Patient Identification Numbers (PIN) were used by the Green System to identify 
patients. This enabled the hospital to obtain administrative information about the patient 
from other counties, if the patient had been treated there. The Green System also 
enabled the treating hospitals to contact other hospitals where the patient had been 
admitted for medical records, if required. The PIN is given to every Danish citizen at 
birth, and is also essential in other areas, such as education, employment, and transport; 
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without it, it is impossible to obtain a job, education, healthcare, and even smaller things 
such as a bus pass. 
Denmark, then, already had a very sophisticated system in place, but as adoption 
was low, and since only one of the five modules was actually used, the Ministry of 
Health decided that it was time to update this national system. However, since decisions 
relating to the EHR are the responsibility of County Councils, EHR initiatives across 
the country have been described as disjointed and ad hoc (Bygholm, 2001). As a move 
to remedy this, a publicly funded project, the EHR Observatory, was set up to collect 
and disseminate experiences from all regional EPR projects (Nohr et al., 2001; 
Andersen et al., 2002). Andersen et al. (2002) have found that EHR initiatives remain 
disjointed due to the different suppliers and strategies employed by each county council. 
The authors also found that failure to meet positive user expectations resulted in 
negative user reactions. 
The county* in which the two Danish ICUs used in this study were based 
provides one example of the approach taken towards EHR development. This EHR was 
divided into six user modules, and different software and hardware companies were 
developing each module. The modules were: 
" Medication. 
" Order and Results. 
" Imaging. 
" Patient Record. 
" Patient Administration System. 
" Booking. 
A seventh 'integration' module was to act as an interface between the legacy 
systems. The county's Office of Information built a virtual hospital to test the modules 
in a virtual environment. However, lack of resources meant that this was abandoned. 
Each hospital selected as a test site by the county council was responsible for 
collaborating with software developers and testing the modules. Once a module had 
been ftilly developed the hospital responsible for it would implement it, and then share 
their experiences with other hospitals within their county. 
* For ethical reasons, discussed in Section 4.2.3, the county cannot be named. 
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Having set the broader context, this chapter goes on to describe the rationale for 
selecting the host countries and ICU sites before describing the ICU settings on which 
this thesis is based. 
3.2 Selecting the Countries and ICU Sites 
For ethical reasons (see Section 4.2) the hospitals, CIS, and Danish EHR modules are 
not named. The ICUs will be referred to as Sites A, 131, C, and D and are described in 
Sections 3.3.1,3.3.2,3.3.3, and 3.3.4 respectively. 
This research is based on data collected from four ICUs, two each in England 
and Denmark, with the Iterative Systems Integration Model (ISIM) being derived from 
three of the ICUs. The second English site, Site B, was used as an independent 
evaluation site for validating ISIM (see Section 7.2). All four sites were selected before 
data collection commenced, including the evaluation site. All four sites were at different 
stages of CIS integration: successfully running an electronic CIS (Site A), having a 
history of a failed CIS (Site B), integrating a newly implemented CIS (Site C), and 
about to install a CIS (Site D). 
Using data collected from CIS at different stages of integration meant that it may 
be possible to apply ISIM during many stages, not just one, since it was developed from 
data about CIS integration at three different stages, and validated at a site at a different 
stage of CIS integration. As a consequence of each site being at different stages of CIS 
integration, comparative analysis was more difficult than if all the sites had been at the 
same stage of CIS integration. 
The countries selected needed to be similar in terms of health service provision, 
so any countries where healthcare is a private concern, rather than publicly funded, were 
not considered. Opting for England was entirely pragmatic, since it is the home base of 
the researcher. Denmark was chosen from a set of suitable comparator countries 
because of the presence of suitable contacts who agreed to facilitate access to the sites. 
While language was an important issue, it was decided that most Danes speak at 
least functional English. This was found to be correct, although Danish was spoken 
more often than not, as should be expected. This was challenging, since the researcher 
was not fluent in Danish. It was a steep leaming curve that sharpened the researcher's 
observation and aural skills; much can be understood from observation and intonations 
I Site B was used as an evaluation site for validating ISIM, the model that is developed in this thesis. 
Chapter 3 Setting the Scene -53- 
of voice. Anything that was unclear or needed explanation was queried and the 
participants would explain in English, if possible. 
It would have been extremely interesting to investigate more countries, and 
although initially a third country was proposed, obtaining research ethics approval for 
the English sites (see Section 4.2.3) proved to be more time-consuming than anticipated. 
It was also increasingly impractical as PhD timescales are constraining. This does not 
rule out future work investigating a greater number. of countries; indeed a contact in 
New Zealand has already expressed an interest in further validating the model 
developed in this thesis. This is discussed in greater detail in Section 8.2.6. 
In terms of selection of sites, again pragmatics dictated the actual sites studied. 
The contacts at each country suggested sites that they had contacts with, and that they 
thought would be useful to the study (this is discussed in greater detail in Section 4.2.3). 
Section 3.3 now presents the details of the four sites. 
3.3 A Description of the Settings 
Sites A and B are located in England, and Sites C and D in Denmark. For a summary, 
please refer to Tables 3.1 and 3.2. 
Sites A and C used an electronic CIS to hold patient information, while Sites B 
and D used paper records. Sites C and D were both situated within the same county of 
Denmark; a laboratory results and blood ordering system was shared by all hospitals in 
the county, which had been used successfully for over a decade. 
3.3.1 Site A 
Site A, an ICU of a hospital situated in northwest England, had eight beds and four 
Hyper-Dependency Unit (HDU) beds. Approximately 90 shift nurses and 58 duty 
doctors were employed at the time of data collection. The CIS consisted of a 
workstation at the foot of each ICU bed, and one station shared between two HDU beds. 
ICU nurses and doctors used the system for all of their patient record requirements, and 
physiotherapists would also use it to type their notes. 
A pictorial representation of this unit is given in Appendix A, together with a 
descriptive key to the layout, so that any reference to particular rooms or places within 
the unit can be located on the picture given. As well as the CIS described below, a 
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laboratory reporting CIS was also used. Results were downloaded from this computer 
and retyped into the main CIS. 
Site A: CIS Situation 
The system was first implemented in August 1998, with full changeover from paper to 
computer eight months later in April 1999. As the ICU was being redesigned, the 
clinical director at the time thought it appropriate to computerise all aspects of the ICU, 
so an application for ftinding a CIS was made in conjunction with a financial proposal 
for ICU refurbishment. 
The clinical director aimed to eliminate paper in the ICU; the CIS was to aid 
report writing and statistical analysis of data, as well as to carry out calculations that 
were described as 'vexing' by nurses, particularly towards the end of a shift, when 
fatigue sometimes led to human error. The system is widely regarded to have been 
successftil in these aims. 
The CIS, a complete patient information system, replaced all paper records, 
including doctor's notes and patient care plans. It was tailored for nurses and doctors, so 
that nurses had an area in the system for patient care plans, and doctors had a separate 
area for their notes. Some observational data were downloaded directly from monitoring 
equipment; this was in contrast to Site C, where all patient data was typed into the 
system. Drugs calculations were performed automatically, and ftill patient 
administration was offered by the system. 
Using the bedside CIS station it was only possible to access infon-nation for that 
particular patient. There were two central computers from which it was possible to 
access information for all patients in the ICU. One of these computers was located at the 
nurses' workstation (a central area in the ICU where clinical staff congregate; see the 
figure in Appendix A), and the other in the server room. A star network operated within 
the ICU, but the CIS was not networked to any other CIS, either internal or external to 
the hospital. Once a patient had been discharged, data about them was archived on CD- 
ROM. For a complete list of CIS functionality (both from the central computers and by 
the bedside), please refer to Appendix B. 
Site A: CIS Maintenance and User Support 
The ex-clinical director, who was involved in procuring, implementing, and maintaining 
the CIS, also provided user support. She was assisted in this by a nursing sister who was 
involved in all aspects of the system since it was first implemented, and was in charge 
of educating the nurses about it. The CIS developers were also the system suppliers, and 
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had a direct link to the ICU. They were able to update and make changes online upon 
request; usually these changes were completed overnight. Indeed, Site A had a contract 
with the company who developed the system such that they acted as a demonstration 
site for potential customers, in exchange for free upgrades. 
The server room housed a notice board where details for support contacts at the 
company were available. The ICU had a direct line to the company, so that staff could 
contact them if problems were encountered. However, both the clinical sister and ex- 
clinical director were the first port of call, and were approachable 24 hours a day. 
During implementation, training nurses and doctors to use the system was the 
responsibility of the clinical sister and ex-clinical director. A group of nurses were 
trained, and then cascaded this training to other nurses in the unit whilst they worked. 
Primarily the ex-clinical director of the unit trained doctors. No explicit training 
programme was followed to train new staff, who were initiated into the system by other 
members of staff. 
3.3.2 Site B 
Site B was used as an evaluation site for validating ISIM, a major focus of this thesis. 
Site B was a university hospital located in northwest England. The ICU began as an 
eight-bedded unit, but in the 1980s it expanded to its current size of twelve beds. Eight 
of these beds were ICU beds, with another three for HDU, and one for patients requiring 
isolation. 
The unit employed 120 shift nurses and 25 duty doctors, some of who were 
junior doctors. The ICU had a small biochemistry laboratory dedicated to it. A teaching 
room was made available two years ago. This room was used for teaching new/clinical 
staff, predominantly nursing staff, to use new software, and also physiological 
apparatus. The teaching room has a capacity for 10 trainees. A nursing workstation area 
similar to Site A was the place where most clinical staff tended to gather: this is shown 
in the pictorial representation of the unit given in Appendix C. 
Site B: CIS Situation 
The ICU had a history of a failed clinical charting system that replaced nursing 
observation notes and was to be used by management for making better use of patient 
data for improving clinical quality and resource management. The clinical director 
procured the system in the 1980s, in consultation with a few clinical consultants, who 
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were interested in creating a paperless ICU. The CIS became obsolete in the 1990s after 
a decade of struggling with it; the system failed the Year 2000 test, and users believed it 
failed to support the infonnation needs of the ICU. 
At the time of this research, the unit also used a computer radiography system, 
which presented X-Rays electronically. A computer dedicated to laboratory results was 
also available, from which results were copied onto paper records by hand. These 
systems were not connected to each other in any way. All clinical staff, pharmacists, 
doctors, nurses, and physiotherapists etc., used a paper system of patient record keeping. 
Each care provider had his or her own paper record systems. In addition to this, a diary- 
type record at the foot of each patient's bed, was used by all clinical staff to record their 
encounters with the patient. 
Site B: CIS Maintenance and User Support 
The ICU shared its three technicians with cardiology and HDU. The technicians were 
responsible for the maintenance of all physiological and computer equipment, as well as 
training all clinical staff to use these systems. An information officer was responsible 
for collecting and analysing patient data for auditing purposes. 
3.3.3 Site C 
Site C was one of five university hospitals in a county of Denmark. The ICU offered 20 
beds, and was divided into four specialist areas: heart, respiratory, kidneys, and child- 
specific intensive care. All four areas had the same staffing, technologies, and physical 
layout (please see Appendix D for ICU layout). Over 220 shift nurses, and 
approximately 100 duty doctors, were employed in this ICU, making it one of the 
largest in Denmark. Like Site B, this site had an electronic radiography system that 
enabled staff to view X-rays electronically. Unlike Site B, two large monitors were 
provided for viewing the X-rays, so that previous and current X-rays could be 
compared. A county-wide electronic blood ordering system was also used. 
Site C: CIS Situation 
A paper system of patient record keeping existed and an electronic charting system had 
just been introduced. Nursing staff had their own notes, which were handwritten by 
them. They were separate to the doctor's notes, which were dictated into a handset 
located in the main area of each specialist unit. The doctor stated the patient's 
identification number and their own I. D. number before and after dictating the notes. 
Chapter 3 Setting the Scene -57- 
The dictation was recorded on tape in the secretaries offices. The secretaries were able 
to access the recordings, and transcribe the notes, taking a printout of the transcribed 
notes to the relevant unit. Site D used a similar system, and both sites had the problem 
that the secretaries were only available 9am-5pm on weekdays, which meant that notes 
dictated at any other time could not be transcribed immediately. 
The Charting Tool 
The patient data management system (PDM), a charting tool, was introduced in 
September 2002 in parallel with the paper system, which was phased out in December 
2002. The system was introduced simultaneously in the operating theatres. As well as 
replacing the nurses' 24-hour paper observation charts, the PDM facilitated 
management to make better use of patient data for planning and financing resources. 
The system comprised of four areas: 
" An automated charting facility to record observations at point of care. 
" Automated clinical documentation such as treatments, care protocols, and 
patient progress. 
" Remote documentation of findings for observational data. 
"A reporting tool that enabled analysis for quality assurance, cost containment, 
process monitoring, scoring, and outcomes management. 
Nurses and doctors had their own areas in the system, although both were able to access 
all areas if they desired. The monitors were quite small, though users had a choice of 
data views that they could select. A mouse with a large tracker ball was fixed in 
position, and a small keyboard on a tilt table was provided for data input. The system 
was located at the head of each bed. The work process change for nurses involved using 
the system to record data that they would otherwise have recorded on the 24-hour paper 
observation sheet, an A3 size double-sided chart. For doctors this meant that their paper 
record doubled in size, due to printouts from the system. 
Site C: CIS Maintenance and User Support 
Training consisted of one 3-hour lecture session offered to nurses and doctors. Staff 
were expected to learn the system on-the-job, and were supported by super-users (the 
clinical director, one consultant, and three core nursing staff were trained, so that they 
could cascade the training to other users). At least one super-user was available every 
day, and a telephone hotline was set up for the first few weeks. No dedicated 
technicians were available, although a hospital-level IT support group existed. As this 
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was a new implementation, it was not yet clear how new staff would be trained, but no 
formal training procedure had been identified. 
3.3.4 Site D 
Part of a Danish university hospital, this ICU had eight beds, of which six were in use 
during this study (see Appendix E). Approximately 40 shift nurses and 30 doctors were 
employed in the unit, making it the smallest of the four sites investigated. The unit was 
heavily involved in testing two of the five modules of the Electronic Health Record 
(EHR) that were to be implemented hospital-wide in all hospitals across the county. A 
consultant was employed by the county council to oversee this work, and was also 
assigned six nurses for the project. Site D used the same X-Ray system and electronic 
blood ordering system as Site C. 
Site D: CIS Situation 
At the time of this research, all records of patient information, such as nursing care 
plans, doctor's notes, and observations, were held on paper, but there were plans to 
move to the electronic system once a set of technical problems had been resolved. The 
EHR modules that the site was involved in testing had been delayed by six months due 
to technical difficulties, although training of staff had already begun. 
As at Site C, doctor's notes were transcribed by secretaries from voice 
recordings. However, at Site D doctors dictated patient notes into hand-held dictation 
machines. This enabled doctors to record their notes while they were on the move. The 
downside to this was that tapes needed to be taken into the secretaries' office and left 
there, where it was not uncommon for them to be misplaced. 
Site D: CIS Maintenance and User Support 
The only official IT support that was provided was a hospital-wide IT department, 
whom staff were able to contact, but who usually took days to respond. Informally, one 
of the medical directors of the unit (who was also the primary contact for the EHR 
modules being tested in the ICU) was approachable regarding user problems, but did 
not have technical know-how. Staff training in the ICU consisted of training six core 
nurses as super-users. One of the two ICU leaders, who was involved with the 
development and implementation of the EHR modules, taught the super-users. This 
training was to be cascaded to other nurses in the unit once the system was fully 
implemented. 
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3.3.5 Summary of Sites 
A summary of all four sites is given in Tables 3.1 and 3.2. 
Table 3.1: A summary dcscription of the four sites 
Sjite : ] A B C D A spect Evaluation Site 
Country England England Denmark Denmark 
No. Nurses 90 150 220 40 
No. Doctors 58 25 100 30 
No. Beds 8 8 20 7 
Stage of CIS 
Electronic CIS Failed system 
Recently 
implemented (2003) About to 
Integration implemented was removed electronic CIS 
implement 
1999. 1999. (Charting Tool). electronic CIS. 
Complete Paper-based Recently Paper-based 
replacement of patient records. implemented a CIS patient records. 
paper-based Small to replace the paper Involved in 
patient records in biochemistry lab observation chart development and 
the ICU only. within the ICU used to record nurse testing of two of 
The CIS provides for the ICU only. care observations the five EHR 
tailored areas for History of failed every hour. The modules. The 
both doctors and charting system system comprises EHR was meant 
nurses. It introduced in automated charting to be 
provides full 1988, of observations, implemented 
patient discontinued in automated clinical county-wide in 
CIS administration, 1999. documentation ' care Summer 2003. 
Situation and also aids protocols and 
statistical patient progress, 
analysis and remote 
report writing. documentation of 
Introduced findings for 
in August 1998 in observational data, 
parallel with and a reporting tool 
paper, which was for quality 
phased out in assurance. 
April 1999. Introduced in Sept. 
2002, with paper 
phased out in Dec. 
2002. 
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Table 3.2: Information nroccsses at the four sites 
i 
cis 
Site A B C D 
Typed in CIS All data are hand Typed in CIS that Recorded by 
by nurses. written on an A3 replaces OC only. hand on an A3 
Accessible at sheet of paper at Input by nurses sheet of paper at 
the foot of the foot of patient only. Patient plan the foot of 
patient bed or bed. Observed by no longer recorded. patient bed. 
the nurses' all clinicians who Instead, nurses Observed by all 
workstation. may need to see memorise the plan clinicians who 
Large colour it. and use their may need to see 
Observation monitors aid nursing notes more. 
it. 
Chart (OC) visibility. Can Doctors use screen 
access dumps that have 
observations for increased the size 
current and past of the patient 
24 hours only. record, as many 
Observed by all computer screens 
clinicians who have replaced one 
may need to see chart. Data 
it. extracted for 
quality control. 
Typedinthe Format is similar Dictated into an Dictated into a 
CIS by doctors to a diary and is office-based hand-held 
only. Can be placed at the foot dictation system Dictaphone 
read by all of the patient that allows doctors carried by the 
clinicians bed. All clinical to record their notes doctors. Left 
authorized to do staff except at any time, but with the 
so. One CIS nurses record only from a central secretaries, who 
used for OC, notes in it. Can office within the transcribe them 
patient record be read by all unit. These are then (0900-1600 on 
and nursing clinicians. transcribed by a weekdays only). 
notes. Clinical group of Often 
staff do not secretaries, who secretaries' 
search for also print the notes desks are full of 
records. Very and place them in tapes, which can 
little paper is the patient record. be scattered 
Patient visible. anywhere in the 
Record office. Notes 
printed and 
placed in patient 
record folder 
when found! 
Testing two of 
the Electronic 
Health Record 
Modules is 
causing 
problems, as 
they are not 
provided with 
the technical 
support that they 
require. 
Chapter 3 Setting the Scene 
`ýSite 
A B C D C I S CIS 
A section in the Recorded on Recorded on paper. Recorded on 
computer paper. Written Written and read by paper. Written 
Nursing systernwritten and read by nurses only. and read by 
Notes and read by nurses only. nurses only. 
nurses only. 
Manual System. Local computer Remote computer Remote 
Wait for X-rays system, X-rays system, X-rays computer 
to be arrive arrive system, X-rays 
Radiology developed. electronically. electronically. Used arrive 
Used by doctors Used by doctors by doctors only. electronically. 
only. only. Used by doctors 
only. 
Arrive on a Arrive on a Arrive on a separate Arrive on a 
separate separate computer system. separate 
Laboratory computer computer system. Copied by hand computer 
Results system. Printed, Copied by hand into relevant notes. system. Copied 
and then typed into relevant by hand into 
into the ICU notes. relevant notes, 
CIS. 
Faster - nurses Much duplication Patient record has Problem of 
and doctors do of data as it is increased in size. locating the 
not have to hunt gathered from More paper here patient record as 
for notes or other systems, than the other units. it can be 
relevant both electronic Doctors and nurses anywhere from 
information as and paper-based. miss the overview the secretaries' 
it is organized of a paper OC, and office to the 
in a systematic nurses prefer not to operating 
way and have to memorise theatre. Doctor's 
collated in one the patient plan, as most current 
system. is required by the notes are not 
Duplication of system. Have to accessible until 
Overall data is evident wait for secretaries the secretaries 
when to print out the have transcribed 
interacting with relevant sections of them. Particular 
systems the system when problem on 
connected to they need them for weekends and 
other parts of the doctor-nurse evenings. 
the hospital, as discussion and also Duplication of 
they are not when a new shift data as it is 
connected to begins. gathered from 
the ICU, other systems, 
therefore data both electronic 
are printed and and paper-based. 
typed into the 
ICU system. 
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3.4 Summary 
Chapter 3 has outlined the national and local context for this research in terms of the 
two countries where this research was conducted, Demark and England. Evidence in 
support of this thesis and a synthesis of the literature was given in Chapter 2, which 
reviewed literature on the key concepts of this thesis (CIS, ICU, and Organisational 
Culture). Section 3.1 supplemented this with a discussion of EHR status in England and 
Denmark. 
In England, a summary of EHR progress since the publication of the IfH - 
NPflT programme was overviewed in Section 3.1.1. Progress towards an EHR in 
Denmark was presented in Section 3.1.2, and the CIS preceding the EHR, the Green 
System, was also described. In Section 3.2 the rationale for selecting Denmark and 
England for the ICU sites researched was given. Finally, Section 3.3 described each 
ICU site in detail, and presented the status of each CIS project. Two overview tables 
that summarised the four sites and the information processes at each ICU were also 
given in Section 3.3.5. 
Chapter 4 presents the paradigms underpinning this thesis, before data collection 
and analysis methods are discussed in Chapter 5. 
Chapter 4 
Approach to the Research 
Identification and justification of the principles guiding this research are given in this 
chapter. Research pragmatics such as choice of sites and access issues, are considered, 
and the important topic of research governance is also discussed. 
4.1 Identifying the Research Paradigm and 
Methodology 
Prior to conducting this research, it was important that the underpinning assumptions 
were made clear, so that the research paradigm and methodology could be identified. 
The research paradigm guided and influenced how the research was conducted; it 
impacted on the research methodology, which directed the data collection and analysis 
methods to be employed. An exploration of the research assumptions enabled 
clarification of the paradigm to be adhered to (Creswell, 1994). This is explored in 
Section 4.1.1. The research paradigm is discussed in Section 4.1.2, and the research 
methodology is discussed in Section 4.1.3. 
4.1.1 Research Assumptions 
Two main paradigms, phenomenology and positivism, exist. These terms are 
synonymous with qualitative and quantitative paradigms (Hussey and Hussey, 1997). 
However, as these terms are also used to describe data collection methods, the terms 
phenomenology and positivism are preferred. 
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The two paradigms can be visualized as two extremes along a continuum. In 
reality, research is often placed somewhere between the two extremes. Creswell (1994) 
outlines the assumptions that define the two paradigms at the extreme. This can be seen 
in Table 4.1. 
Table 4.1: Research assumptions underpinning the two main paradigms at their extremes. 
- Assumption puestion I Positivism T-- Phenomenology 
What is the nature Reality is objective and Research is subjective and 
Ontological of reality? singular, apart from the multiple as seen by 
researcher. participants in a study. 
What is the nature Researcher is independent Researcher interacts with 
of the researcher from that being that being researched. Epistemological 
to that researched. 
researched? 
What is the role of Value free and unbiased Value-Iaden and biased. Axiological 
values9 
What is the Formal; based on set Informal evolving 
language of the definitions; impersonal decisions; personal voice; Rhetorical 
research? voice; use of accepted use of accepted qualitative 
quantitative words. words. 
What is the Deductive process; cause Inductive process; mutual 
process of and effect; static design simultaneous shaping of 
research? categories isolated before factors; emerging design 
the study; context- free; categories identified during 
generalizations leading to research process; context Methodological 
prediction, explanation bound; patterns and theories 
and understanding; developed for 
accurate and reliable understanding; accurate and 
through validity and reliable through 
reliability. verification. 
Source: Hussey and Hussey (1997) 
Using this table, it is possible to identify the research paradigm. However, prior to this it 
may be useful to refer back to the research aim and objectives, as stated in Chapter 1. 
These were stated as: 
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Aim: To develop a declarative model of clinical information systems integration based on 
empirical evidence from intensive care settings. 
Objectives: 
1. To investigate the significance of Organisational Culture for explaining actual 
CIS deployment in intensive care. 
2. To investigate the interactions behveen clinical staff and CIS, so that it is 
possible to determine the effect of these interactions on intensive care clinical 
ivorkprocesses. 
To develop a theoretical model of CIS integration. 
In tenns of the research aim and objectives, the assumptions of this study are as follows: 
Ontological: The nature of reality is bound in context. That is, in order to conduct 
objectives I and 2 the researcher must accept that the 'world' is socially constructed, 
rather than objective and apart from the researcher. Although objectivity can be strived 
for, it is often difficult to achieve, as the researcher is based in the world where data is 
collected and it is necessary to interact with participants in order to collect this data. 
Epistemological: The researcher interacts with that being researched, and is based in 
the setting in which the phenomenon exist as opposed to measuring and observing 
phenomenon outside their natural setting. In order to meet the three research objectives, 
the researcher is required to talk with participants, observe them in their natural settings, 
and to try to understand the setting from their point of view, so that the aim of this 
research can be achieved, i. e., the development of a model based upon empirical 
evidence, that captures the participants points of view, and represents reality as it is. 
Axiological: Taking Creswell's (1994) extreme definition from Table 4.1, this research 
would be value-laden and biased. However, this depends upon the values of the 
researcher, and the extent to which the researcher is engaged with participants. For 
example, non-participant observation would enable the researcher to remain partially 
unbiased, as opposed to participant observation, which requires the researcher to take 
the role of the phenomenon being investigated, in which case it would be impossible to 
remain even partially objective. As this research is based in an ICU, it is impossible for 
the researcher to take on the role of clinical staff, as she is unqualified to do so, and this 
would also be detrimental to the patient. This then, affects the methodology employed, 
and data collection methods used (Section 4.1.3 and Chapter 5). Although the researcher 
accepts that bias and values are likely to affect interpretation, she attempted to remain as 
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neutral as possible, rather than take the two extremes of the positivist and 
phenomenological paradigms on this assumption. 
Rhetorical: The language of the research refers primarily to how data will be reported. 
Although phenomenology advocates the use of informal language (see Table 4.1), as 
this is a thesis, academic language is used. 
Methodological: This research does not follow either extreme of the two paradigms. 
However, it does accept that the research is inductive, since data is collected from a few 
cases, from which a model will be developed. The model will be informed by data that 
is rich in context, and findings will be based upon accurate representations of the 
situation, so validity is high. In a positivist paradigm, validity would be low, since it 
ignores context and the phenomenon's viewpoint. Reliability is high in positivistic 
research, as it is associated with measurement and control variables that are not feasible 
in phenomenological research (Hussey and Hussey, 1994). The validity and reliability 
of this thesis are discussed in Section 8.2.2. 
Having addressed the research assumptions, it can be seen that the research 
paradigm to be followed is inherently phenomenological. Before defining and 
discussing this term, the above assumptions are summarised: 
" This research is primarily concerned with process, i. e., how things are done, rather 
than outcomes and products. 
" This research is concerned with meaning and context i. e., how people make sense 
of their experiences with CIS in the ICU, rather than being concerned with 
frequency and measurement, which can give static results that ignore context. 
" The researcher is the primary research instrument, i. e., it is by and through the 
researcher that data is collected, analysed, and interpreted. 
" This research is conducted in a natural setting, rather than an artificial setting such 
as a research laboratory. 
" The process of this research is inductive, as it aims to construct a model from 
abstractions. 
4.1.2 Research Paradigm 
In the previous section, the paradigm to which this research closely adheres was 
identified as phenomenology, but it will not be followed to the extreme. The researcher 
views the paradigm as a guide, rather than dogma. Hussey and Hussey (1997) define 
phenomenology as: 
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"The science ofphenonzenon. It is concerned with understanding human behaviourfrom the participant's 
own frame of reference. It is assumed that social reality is within us; therefore the act of investigating 
reality has an effect on that reality. " 
Phenomenology originated as a reaction to positivism, which was historically 
deployed in the natural sciences, and was concerned with facts and causes. It treated 
subjects as separate from the social world in which they were based. Phenomenologists 
argued that it was impossible to separate the researcher from that being researched when 
the subject was a part of the social/human world (Hussey and Hussey, 1997). The 
phenomenological paradigm focuses upon the subjective nature of humans and their 
activity. This paradigm is not ideal, and some criticisms of it are: 
0 It may be difficult to separate meaning from the social setting in which the 
researcher is based. 
The findings are entirely dependent upon the researcher's frame of 
reference and interpretation. Using a team of researchers to collect and 
interpret data may overcome some of these biases. However, this is not 
always possible, for example in a doctoral study; therefore findings rely 
upon the researcher's ethics, and are based on an element of trust. 
0 Because the research is set in the social world, the researcher is open to 
'real world' problems that cannot be controlled in the same way as if the 
study was based in a laboratory. 
As mentioned earlier, the paradigm is to be used as a guide, rather than exact 
instruction, and the researcher is aware of its limitations. However, this paradigm will 
now enable the researcher to select the research methodology (Section 4.1.3) that will 
guide the selection of appropriate methods for data collection and analysis (Chapter 5). 
4.1.3 Research Methodology 
A plethora of research methodologies exist. As for the research paradigm, it is often 
unrealistic to adhere strictly to all the rules and regulations of one particular 
methodology as this can constrain the creative and explorative nature of research 
(Glaser, 1992). However, the major principles underlying a methodology must not be 
compromised if it is to be used. Qualitative methodologies, by their nature, are 
inherently subjective, and such research cannot be conducted objectively, as any 
interpretation requires some level of subjectivity. Hussey and Hussey (19 97) identify 
the main methodologies often used in phenomenological studies. Those relevant to this 
research are: 
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Case Studies - An extensive examination of a single instance of a phenomenon of 
interest. 
0 Ethnography - The researcher uses socially acquired and shared knowledge to 
understand the observed patterns of human behaviour. 
Grounded Theory -A set of procedures to develop an inductively derived 
grounded theory about a phenomenon. 
Grounded Theor 
Grounded theory was originally developed as a methodology that requires the joint 
collection and analysis of data, where both inductive and deductive thoughts are used to 
constantly compare data and derive theory (Glaser and Strauss, 1967). Glaser (1992) 
later made the distinction between data collection and analysis, and stated that the 
methodology could also be used as a tool solely for analysing qualitative data. 
To clarify, grounded theory is used in this thesis as a tool for analysing the 
qualitative research data (Section 5.2.1), and not as a methodology, since case study and 
ethnography are more suited to this. These methodologies are discussed next. 
Case studv and Ethnography 
By deploying the principles of both ethnography and case study it is possible to achieve 
methodological triangulation (Section 5.2.4). Factors common to both methodologies 
are: 
0 The phenomenon can be studied in its natural setting, and meaningful relevant 
theory generated from the understanding gained through observational practice. 
* They allow the questions of 'why', 'what', and 'how' to be answered with a 
relatively full understanding of the nature and complexity of the complete 
phenomenon. 
0 They allow exploratory investigations where the variables are still unknown and the 
phenomenon not understood. 
Voss et al. (2002) state that the above factors are major strengths of case study, however 
they are also applicable to ethnography. According to Yin (1994), case studies 'enables 
the exploration of social processes as they occur in organisations', and are useful in 'capturing 
emergent and imminent properties of life in organisations'. In ethnography the aim is to 'interpret 
the social world in the way that the members of that particular world do' (Hussey and Hussey, 1997). 
Robson (1993) states that case studies are particularly useful where the boundary 
between the phenomenon and the context is unclear. 
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The methodologies differ in that case study allows the study of any 
phenomenon, is open to mixed methods of data collection, and can also be used in the 
positivist paradigm (Robson, 1993). Ethnography is biased towards investigating 
humans, since its roots originate from the discipline of anthropology (Robson, 1993). 
Although ethnography deploys observation as its primary method of data collection, it 
does advocate the use of other methods alongside observation. Further, ethnography is 
primarily deployed in phenomenological research, however it has also been applied in 
software engineering (Sommerville et al., 2003); a discipline in which it is becoming 
increasingly popular (Viller and Sommerville, 2000). 
The problems associated with case study that are also common to ethnography 
are (Hussey and Hussey, 1997): 
" Negotiating access can be time-consuming. 
" Placing the boundaries of the research can be difficult. 
" It may be difficult to understand events in a particular period of time, without 
knowledge of its past. 
" Developing trust is seen as a major challenge in ethnography; however this also 
applies to case research. 
" Both methodologies have a common criticism of generalisability. However, Robson 
(1993) and Yin (1994) argue that phenomenological researchers may generalise to 
theoretical propositions rather than to the population; this means that findings are 
still generalisable, but in a different sense to positivist research. 
Whereas case study does not have any time constraints in terms of time spent at the 
field site, ethnography (as initially described in anthropology) requires that research be 
conducted over a long period of time, i. e., years rather than months. In the current case 
the researcher is constrained by the time period that PhD research imposes, so that it is 
not possible to collect data over a long period of time. Further, gaining ethics approval 
from the relevant research ethics committees is a lengthy process that limits the amount 
of time available for data collection (see Section 4.2.3). For this reason, 'quick and 
dirty' ethnography is used, as described by Crabtree (2003), i. e., acquiring knowledge 
about the phenomenon in its natural setting in a fairly short space of time. Again, case 
study does not exclude this. 
Although ethnography requires observation as a primary method of data 
collection, 'pure' forms of ethnography advocate participant observation (Waddington, 
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1994). Due to the nature of clinical work, this is impractical for the researcher, who will 
employ non-participant observation (see Chapter 5). 
The researcher believes that research should not be constrained by 
methodologies or methods; rather, research should be conducted with those methods 
that compliment the research, be they hybrids of different methodologies, or a number 
of complete methodologies. Robson (1993) cites many studies using ethnographic case 
studies; in fact, mixing methodologies enables methodological triangulation (this is 
discussed in Section 5.2.4), which increases the validity of the study. 
Although both case study and ethnography have their limitations, this research 
uses those aspects of the two methodologies that best suit this research; where one fails 
to meet the research requirements, such as timescale, the other methodology aids it. It 
must be restated that the methodologies are used as guiding principles rather than 
constraints. 
Having discussed the choice of theoretical concepts guiding this research, 
Section 4.2 discusses pragmatic issues, such as issues concerning access to each site, the 
participants and research ethics. 
4.2 Research Pragmatics 
As theoretical underpinnings are important guides to the way in which research is 
conducted, analysed, and presented, so research encounters issues that theory is unable 
to envisage. These issues are concerned with pragmatics - factors that cannot be 
addressed by theory alone, but need to be addressed practically. Section 4.2.1 describes 
the participants of this research, and Section 4.2.2 discusses the issue of gaining access 
to the sites. Finally, but of great importance, research governance is presented, as it 
affects this thesis (Section 4.2.3). 
4.2.1 Research Participants 
The study focus rests with ICU nurses and physicians, as they are the primary and most 
frequent users of CIS in these settings. Other clinical staff were also observed when 
they interacted with the primary users. 
Participants were informed about the research during their morning meetings, 
and also via email, in order to legitimate presence and to facilitate co-operation. Where 
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staff did not receive any such message, the protocols were explained to them when 
asked. 
4.2.2 Negotiating Access 
Gaining access is a sensitive and important issue (Homsby-Smith, 1993; Hussey and 
Hussey, 1997; Lofiand and Lofland, 1984). The question of whether research is overt or 
covert is one that should be addressed. Due to increasing emphasis on research ethics, 
especially within healthcare (DOH, 2002c), it was decided that overt procedures were 
the most honest methods of gaining access. There are many benefits and disbenefits of 
this type of access; for further readings refer to Hornsby-Smith (1993); Hammersley 
and Atkinson (1995); Robson (1993). 
Initial meetings were set up with a single contact at each of the Danish sites. In 
England, meetings were arranged where terms of access were negotiated with the ICU 
sister (Site A) and subsequently the ICU director. In Site Ba meeting was set up with 
the ICU director. The aims of these meetings were to ascertain whether the sites were 
suitable for the task, and for the ICU directors to consider whether or not the research 
would be of any value to them. In Denmark, contact was made by email, and the 
primary Danish contact evaluated suitable sites for the research. Similar meetings to 
those in England were arranged with the ICU directors upon arrival in Denmark. A 
research protocol (Appendix F) was given to the ICU in both countries. 
4.2.3 Research Governance 
This section outlines the research ethics procedures that the researcher went through, 
before conducting research at sites A, B, C, and D. 
Enaland 
This research adheres to the Research Governance Framework for Health and Social 
Care, published by the UK Department of Health (DOH, 2002c). Prior to this 
publication, ethics approval was not required where research involved staff only. 
Gaining approval was therefore not anticipated sooner than 2002, as it was not thought 
necessary. However, since the publication of the research governance framework (ibid) 
it was imperative that ethics approval was applied for. The clinical directors of the two 
ICU were asked to read an information sheet about the research (Appendix G) and sign 
a consent form (Appendix H), giving pen-nission to conduct research at their ICU. 
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Ethics approval from local research ethics committees (LREC) and the research and 
development unit (RDU) (Appendix 1) were also required. 
An application was made to the relevant ethics committees. To assess the 
proposal, the researcher was asked to participate in an interview about the research to 
the ethics board for Site A. Subsequently, approval was attained (Appendix J). As Site 
B came under the same geographical vicinity as Site A, a reciprocal arrangements form 
was completed, and approval was gained (Appendix K). Please note that any 
infori-nation identifying Sites A and B in the appendices is blanked for confidentiality 
reasons. For similar reasons, information identifying hospitals, participants, and CIS 
cannot be given in this thesis. The consent form in Appendix H is therefore blank. 
Denmark 
Before arriving in Denmark, the researcher confirmed the research ethics status for 
conducting research in healthcare centres in Denmark. The researcher was told that 
research with staff did not require ethics approval, however on arrival, informal 
procedures were pursued by the contact to ensure this. Speaking with the ICU directors, 
the researcher promised that, where possible, confidentiality and anonymity would be 
retained. Despite the lack of formal ethics agreement, the researcher thought it 
necessary that research ethics applied to the English sites would also be applied to sites 
C and D in Denmark. 
4.3 Summary 
Having discussed the theoretical research assumptions in Section 4.1.1, the research 
paradigm was identified as phenomenology, as discussed in Section 4.1.2. 
Subsequently, the research methodology was ascertained as a mixture of case study and 
'Quick and dirty' ethnography. It was decided that methodologies are guides to how 
research is conducted, and should therefore compliment the thesis, rather than become 
restrictive rules. 
Once the theoretical aspects had been discussed, it was important to address the 
research pragmatics. In Section 4.2.1 the participants of this research, ICU nurses and 
physicians, were identified. The issue of negotiating access to the four ICUs was 
discussed in Section 4.2.2, and finally, the important issue of research governance was 
addressed as it impacts on this thesis. Chapter 5 discusses the research methods 
deployed in this thesis in detail. 
Chapter 5 
Research Methods 
The aim of this chapter is to detail the data collection methods used in this thesis, and 
also to outline how the data were analysed. 
5.1 Data Collection Methods 
Section 5.1 presents and discusses the data collection methods employed in this thesis. 
The methods selected are non-participant observation (Section 5.1.1), semi-structured 
interviews (Section 5.1.2), and questionnaires (Section 5.1.3). The primary data 
collection tools were non-participant observation and semi-structured interviews. 
Observation focuses upon 'watching and listening', and interviews enable 'asking', so 
that discrepancies between what is done and what is stated as being done can be 
evaluated. Questionnaires were utilised to verify findings, to gauge wider population 
experiences, and to support the two previous data collection methods. 
The data collection methods used in this thesis are guided by ethnography and 
case study methodologies (Robson, 1993), which were discussed in the preceding 
chapter. 
5.1.1 Non-Participant Observation 
This section provides an overview of the different 'types' of observation. It discusses 
the choice of non-participant observation, and then outlines the pragmatics of how it 
was used for collecting data from the four ICU sites. 
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Observation 
Many different approaches to observation have been identified, from participant 
observation common in qualitative research to the polar extreme that is structured 
observation, which is commonly associated with quantitative research studies (Robson, 
1993; Hussey and Hussey, 1997; Hanson, 1980; Gold, 1958; Lofland and Lofland, 
1984). The different levels of observation are widely agreed (ibid. ) as: 
1. Complete participant: Where the researcher takes on the role of the participants being 
observed, but remains covert about being a researcher. 
2. Participant as observer: Simflar to complete participant, but is overt about the role as 
researcher. 
3. Marginal participant: Again, the researcher is covert about their role as a researcher 
and takes on a minor participant role, for example, as a person in an audience, a 
member of public using public transport, etc. 
4. Non-participant observation: In this role the researcher is overt about conducting 
research and observing participants. However, the researcher does not take on the role 
of participants, for example, as a nurse or as a doctor. This role is also known as 
observer as participant. Gold (1958) argues that once the role of researcher becomes 
known, the non-participant observer becomes a member of the group being observed 
and their role in the group is to observe, hence the term 'obsei-ver asparticipant'. 
5. Structured observation: Unlike the above four types of observation, structured 
observation is commonly undertaken in a laboratory, where variables are controllable, 
unlike in a 'natural' setting. The researcher does not participate at all. 
As mentioned in Section 4.1.3, it is not practical to carry out observer roles 1-3, 
since the researcher does not have the necessary training or skills as clinical staff; taking 
on this role would therefore be detrimental to the patient. 
Observer role 4, non-participant observation, is described by Gold (1958) as 
"someone who takes no part in the activities, but whose role as a researcher is known to the 
participants", and is appropriate here since role 5 would entail observing clinical staff 
outside of their natural setting. This is against the research paradigm, phenomenology, 
that this research adheres to, where the emphasis is upon capturing the phenomenon 
within the context of its natural setting. 
As with any method, observation has its share of advantages and disadvantages 
(Robson, 1993; Hussey and Hussey, 1997; Hanson, 1980; Gold, 1958; Lofland and 
Lofland, 1984): 
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Disadvantages: 
" It is impossible to control variables in their natural setting. 
" It can become difficult for the researcher to remain objective. 
" Observation relies heavily upon the researcher's interpretation of the situation. 
" The researcher might have an impact upon the phenomenon being observed. 
" It is not possible to observe everything. 
it can be argued that if the researcher is aware of the above-mentioned disadvantages, 
then it is possible to prepare for the eventualities that might occur. For example, 
observing over a period of time enables the researcher to repeat observations so that it is 
possible to allow for disruptive events. 
The argument regarding objectivity is one that has been under much debate 
between the social and natural sciences for decades, and is one that cannot be solved in 
this thesis. However, as mentioned in Section 4.1.3, the aim of this research is to 
capture context and meaning. Although remaining objective can become a problem, 
being conscious of this will enable some degree of impartiality. The type of observation, 
non-participant observation, should also aid this. 
The advantages of observation can be given as: 
Participants can be directly observed, so it is not necessary to ask, but just to watch and 
listen. 
Observation verifies other methods such as interviews and questionnaires, where it is 
possible to resolve to some extent, the discrepancies between what participants say they 
do and what they actually do. 
Observations in natural settings limit the degree of artificiality. 
Observation enables the researcher to take in the 'bigger picture' and retain context. 
Non-participant Observation as Used in this Thesis 
The aim of deploying non-participant observation in this thesis is to make possible the 
observation of staff in the ICU, in order to understand their work processes relative to 
the CIS that they use. Ultimately, this data will inform the development of Role Activity 
Diagrams (RADs) that are discussed in the findings (Chapter 6). 
Period of data collection 
Non-participant observation was grouped into two categories by the researcher. A 
broader category, where the researcher would try and observe everything related to 
clinical staff and CIS, and a more focused category of shadowing individual clinical 
staff, nurses, and doctors to obtain a more precise picture of activities (please see 
Appendix L for a list of participants who were shadowed in each ICU). 
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The period of data collection consisted of four weeks at each ICU setting, where 
the researcher would conduct general observations for between 5 and 7 hours per day, 
and the complete morning shift when shadowing, from 0730-1530 hours. The exact 
timings did vary, since ICUs are very unpredictable; some days were quiet and not 
much would happen, and other days would be hectic. 
The data collection period was finalised after conducting this activity at Site A, 
in England. As saturation (when it is decided that enough data has been collected and 
that everything seen had been seen before) approximated to 4 weeks, it was decided that 
a month at each ICU in Denmark (Sites C and D) would also suffice, however an extra 
month was allowed in Denmark due to the researcher being unfamiliar with the Danish 
language. Subsequently, approximately one month was also spent at Site B for 
validation purposes. It must also be noted that the period of data collection concerning 
observation will vary between researchers, since each will have varying degrees of 
simulating the data as they collect it, and they will also have different saturation points. 
The day shift (0730-1530 hours) was considered the most appropriate time 
period for collecting data for this thesis, as it enabled the observation of a majority of 
clinical staff interacting. In order to understand the context of the day shift compared to 
other shifts, participants were asked about their routine on all shifts during the 
interviews. Many nurses and doctors described the night shift as much quieter in all 
respects, with encounters limited to core staff- duty doctor, sister in charge, and nurses 
(but this was dependant upon the status of the patient's condition). Nurses and doctors 
stated that during this time most patients were usually asleep, and time was used to 
complete paper work or to catch up on activities not possible during the day. Table 5.1 
describes the nursing shift patterns, which were common to both Denmark and England. 
Table 5.1: Nurses shift pattems 
Period Duration 
Day 0730-1530 7 hours 
Evening 1530-2330 7 hours 
Night 2330-0730 7 hours 
0730-1930 /1930-0730 12 hours 
For doctors, the shift pattern was similar to nurses, but usually doctors commenced their 
shift about 1-2 hours later than the nurses. 
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Process of recording observations 
The researcher carried a notepad for jotting down observations. A more thorough 
account was recorded at the end of each period of data collection. Observation notes 
were categorised into three types when this was possible (Schatzman and Strauss, 
1973): 
Observational notes: recording exactly what was observed, with no 'noise' 
from the researcher. 
Methodological notes: pragmatics of the research. 
Theoretical notes: where the researcher noted any patterns or theories 
emerging. 
5.1.2 Semi-Structured Interviews 
An overview of the different 'types' of interviews for collecting data are given in this 
section. A discussion outlining the type of interview opted for is then presented. Finally, 
the pragmatics of how interviews were conducted at the four ICU settings is given. 
Interviews 
Interviews are used in this thesis to verify observations (Section 5.1.1). They enable the 
researcher to distinguish between what participants say they do and what actually 
happens when they are observed. They are also useful for clarifying any observations 
that the researcher is uncertain about and are a useful method of gleaning more detailed 
infannation, if necessary. 
Britten (1995) outlines three varieties of interview techniques: unstructured 
interviews, semi-structured interviews, and structured interviews; these interview 
techniques have been cited by many authors (Britten, 1995; Hussey and Hussey, 1997; 
Robson, 1993; Lofland and Lofland, 1984) as the most commonly used. 
" Structured interviews are predominantly used in the natural sciences; they 
consist of closed questions demanding answers such as 'yes/no'. They are 
also conducted in a standardised manner, so that other researchers can 
replicate similar answers. 
" Semi-structured interviews consist of open-ended questions, and as their 
name suggests, they are structured around a few topics to guide the 
interviewer, and are usually used in qualitative research. 
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Finally, unstructured interviews usually consist of one or two questions that 
open a discussion on a specified topic. Unstructured interviews are not 
always planned, and are also not replicable. 
This thesis deploys the semi-structured interview technique, where questions are 
open-ended. Hussey and Hussey (1997) describe semi-structured interviews as "a nzethod 
of collecting data in which selected participants are asked questions in order to find out what they do, 
think, andlor feel". Britten (1995) states that semi-structured interviews enable the 
researcher to discover the interviewee's own frame of meanings about a phenomenon 
without imposing predefined assumptions and rigid structures. This type of interview is 
appropriate when an understanding of the participants' view is important to the research 
to verify observations and clear up misconceptions (Hussey and Hussey, 1997; Robson, 
1993). However, it is also important to be aware of the downside of interviews. They 
can be time-consuming to conduct, transcribe, and analyse, as they generate vast 
amounts of data; controlling topics can become difficult and the researcher's presence 
can affect the participant's answers. 
Semi-structured Interviews as Used in this Thesis 
Participants consisted of clinical staff and ICU management. Specifically, nurses, 
doctors, ICU directors, and technicians. Exact participants varied between the four sites, 
as this depended upon the availability and willingness of those that were approached. 
Approximately ten staff were interviewed at each ICU site. 
In Site A, an interview schedule was pinned on the staff notice board. However, 
as no member of staff had volunteered, the researcher approached staff at random and 
asked them if they would be willing to participate. This approach was then employed in 
the three remaining sites. The researcher arranged interviews with management via 
telephone or email. For a list of participants please see Appendix L. 
The interview questions were open-ended and were grouped under core areas that the 
researcher wanted to explore: 
General information 
CIS procurement 
Implementation 
System 
Usability 
Infon-nation 
ICU organisation 
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The areas and questions were used as probes and guides, rather than definitive questions 
that had to be asked. This meant that the interviews could be described as semi- 
structured conversations, steered by the interviewer so that the topic of conversation 
remained loyal to the investigation of the aim and objectives of this thesis. Two sets of 
guides were developed, one for management, and one for clinical staff, so that it was 
possible to attain meaning for those areas that clinical staff may not know the answer to 
and vice versa. The two interview guides are given in Appendix M. 
The duration and timing of interviews Interviews were conducted between the second 
and fourth week of data collection, so that issues picked up during observations could 
be explored further. However, this does not mean that observations were no longer 
conducted - data collection activities were not conducted in isolation of each other, i. e., 
when shadowing a member of staff, it was possible to ask them if they would be willing 
to be interviewed, either later that same day or another day. In Appendix F, the research 
protocol outlines exactly when each of the data collection activities would occur. In 
reality this was not possible, since the researcher had to allow for the unpredictable 
nature of an ICU, and the demanding nature of ICU tasks, which restricted the 
availability of clinical staff participation. The duration of the interviews varied between 
10-20 minutes depending upon the availability of the interviewee. 
Process of recording observations Interviews were taped using a Dictaphone. The 
researcher would ask each interviewee for their permission to record before the 
interview commenced. Once taped, the researcher made a transcription of each 
interview. 
5.1.3 Questionnaires 
The questionnaire used in this thesis was not the primary source of data. Rather, 
questionnaires were utilised to verify findings after the model had been derived (see 
Section 7.3) to gauge wider population experiences and to act as an extra method of 
validating the results of the research. The questionnaire was a useful validation tool for 
confirining findings. 
The Benefits and Disbenefits of a Questionnaire 
Hussey and Hussey (1997) describe the disbenefits of questionnaires. They are stated as 
resulting in low response rates, known as non-response bias, and incomplete 
questionnaires, known as item bias. Questionnaires also have the potential to be 
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illegible and incomprehensible, and respondents can misinterpret questions. 
Oppenheim (1992) outlined the benefits of questionnaires as being easy to process, 
relatively low cost, and less time consuming than interviews and observations. 
In an attempt to overcome low response rates and misinterpretation, the 
questionnaire was accompanied by a cover sheet explaining any terms that might be 
misunderstood, and also outlining clearly how it should be completed, and where it 
should be returned. Respondents were not asked for their names, and were assured that 
anything they wrote would be treated with confidence. The English questionnaires had 
the additional benefit of a local research ethics committee approval number, which was 
typed on the cover sheet. However, for confidentiality reasons, this number is not on the 
cover sheets given in appendices N-P. Reminders were also sent to the senior nursing 
sisters at the two English sites, who urged staff to complete the questionnaires. In 
Denmark, reminders were written on staff room notice boards and also placed in staff 
folders. 
Questionnaire DesijZn 
Oppenheim. (1992) provides a useful guide for designing questionnaires. This was 
referenced while designing the questionnaire for this thesis. The questionnaire was also 
informed by the research aim, objectives, and the relevant literature. Questions 
consisted of both closed and open questions. Closed questions were of the form of 
multiple choices; a space for comments was also given, so that respondents could 
expand on a point if they so wished. For a copy of the blank questionnaire, please refer 
to Appendix Q. 
Ouestionnaire - Pilot 
A pilot was conducted in England, where two researchers from the University of 
Manchester, who were experienced in conducting questionnaire research, assessed the 
questionnaires. The questionnaires were also sent to the contacts at each ICU, who 
asked at least two nurses to review the questionnaires. Although they were met with 
approval from the English hospitals, the Danish nurses felt that the cover sheet should 
state in Danish where the questionnaires should be returned, and by what date. Nurses 
also felt that they should have the opportunity to write their answers in Danish. This 
was accomplished by writing a paragraph at the end of the questionnaire stating that 
answers in Danish would be welcome. The researcher's contact at the Danish ICUs 
wrote the second request for dates and return location in Danish, and this too was added 
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to the cover sheet. Copies of the questionnaire cover sheets are given in Appendix N 
(Site A and B), Appendix 0 (Site C) and Appendix P (Site D). 
Questionnaires were given to ICU leaders, such as senior sisters and equivalents 
in the Danish ICUs. These were placed in a central place, from where all clinical staff 
would be able to take the questionnaire and complete it in their own time. 
Questionnaires were to be returned to a central place in the ICU (in England) or in the 
secretary's office (in Denmark). The researcher then collected these at the end of the 
data collection period. 
Sample Size 
As Site A was the only site for which the number of staff was known initially, a sample 
size of 75 was selected, since this was approximately half the number of clinical staff 
employed at this site, which seemed like a sensible number from which to expect a 
reasonable response rate. However, once in Denmark, the size of ICUs varied from 70 
to 320. Apart from Site D, where only 70 questionnaires were distributed, Sites B and C 
were both given 75 questionnaires. It was decided that if a reasonable number were 
returned, it would be quite easy to send more via mail once the researcher returned to 
England. For response rates, please refer to Chapter 7. 
Having discussed data collection methods used in this thesis, Section 5.2 
discusses how data were analysed. 
5.2 Analysis 
In this section the data analysis methods employed are discussed. The data analysis 
methodology of grounded theory (Glaser, 1992) is deployed in this thesis. In Sections 
5.2.2 and 5.2.3 the computer tools QSR@Tm NVWO and the Statistical Package of the 
Social Sciences (SPSS) are described, as these were the tools used for analysing the 
qualitative and quantitative data collected. Section 5.2.4 discusses the subject of 
triangulation and how it was achieved in this thesis. 
5.2.1 Grounded Theory 
In 1967 Barney Glaser and Anslem Strauss 'discovered' grounded theory as a 
phenomenological methodology (Glaser and Strauss, 1967). However, after the 
publication of their seminal work, 'The Discovery of Grounded Theory', Glaser and 
Chapter 5 Research Methods -82- 
Strauss no longer agreed on the precise details of their methodology, and so 
subsequently developed their own versions of it. 
Babchuck, (1996) found that the main differences between the two versions are 
that Glaser remains rooted to the principles that grounded theory is inherently flexible 
and guided by informants and their socially constructed realities, and that findings 
should emerge from the data. In contrast, Strauss tries to state exactly how grounded 
theory should be conducted, and lays out rules and regulations that should be followed. 
Strauss's version emphasises the need to replicate, generalise, and verify findings; in a 
sense, he attempts to formalise the method by rooting it in positivist ideology, which 
goes against the reason why it was originally developed. 
Glaser's later book (Glaser, 1992) makes a distinction between research and 
research analysis. He confirms that grounded theory can be used as a method for 
analysis. Other authors (Hussey and Hussey, 1997; Robson, 1993) have since cited 
grounded theory as a useful method for analysing qualitative data, and it is this that is of 
interest to this thesis, i. e., the use of grounded theory to analyse the qualitative data 
collected during this research. 
Glaser, (1992) states that the process of 'doing' grounded theory is the ability to 
absorb the data as data, to be able to step back or distance oneset(froln it and then to abstractly 
conceptualise the data". 
The main tenets of Glaser's (ibid) grounded theory are: 
" Data are absorbed. 
" Each incident in the data is categorised into as many categories as possible, 
and open coding commences. 
" While coding an incident for a category, it is compared with previous 
incidents in the same and different groups coded in the same category. 
" The researcher steps back and absorbs these categorisations. 
" The process of coding and recoding is iterated (this is known as constant 
comparison) until saturation occurs, and theories emerge from the data. 
The resultant theory is therefore, said to be grounded in the data. 
Glaser (ibid. ) describes open coding as the initial stage of coding data and constant 
comparison. Saturation is said to occur when the incidents being coded indicate the 
same pattern and no new properties emerge. In Section 5.2.2 a tool developed to aid 
coding of data, QSR@Tm NVIVO, is described. QSR(OTm NVIVO was used to analyse 
data using the constant comparison method outlined by Glaser. 
Chapter 5 Research Methods -83- 
5.2.2 QSR@Tm NVIVO 
Data were analysed using QSR@Tm NVIVO (QSR, 2003), a software package that aids 
the analysis of rich text documents. It was chosen specifically as it facilitates the 
management and organisation of qualitative data, enables automatic coding, provides 
modelling tools not found in any other software and is suited to the analysis needs of the 
researcher. 
Data collected from observations, interviews and open questions from the 
questionnaire were saved as text documents and coded using QSR OTIIINVIVO. Each 
document was read, and the document attributes were recorded. Each document was re- 
read and open coding commenced, i. e., factors emerged but were not assigned to any 
particular category. These factors were coded under 'free nodes'. After re-reading the 
documents a number of times, categories emerged, and these were grouped under 
'Trees', which are the parent nodes for factors identified (known as child nodes). Child 
nodes were then compared (constant comparison) with each other and between 
documents. These were then grouped under the 'parent node' categories (Trees). The 
modelling tool was then used to assemble the nodes to show patterns in the data. The 
results are presented and discussed in Chapter 6. The methods of analysing the 
quantitative data are given next. 
5.2.3 SPSS 
Closed questions in the questionnaire were analysed using SPSS, a package that 
provides many statistical tools for data analysis (Rose and Sullivan, 1996). The 
questionnaire was coded using SPSS to enable analysis using this package. A frequency 
analysis of the data was conducted for each ICU. The results are given in Section 7.3. 
5.2.4 Triangulation 
Denzine's (1970) work on triangulation is frequently cited (see works by Ammenwerth 
et al. (2003); Hussey and Hussey (1997); Robson (1993) for further references). The 
concept of triangulation is 'borrowed' from navigation, where it refers to the process 
whereby a position is fixed using different kinds of measures, such as compass bearings, 
depth sounds, and radio lines from different positions (Porter, 1994). Denzine (1970) 
argues that this concept can be applied to qualitative research in that the wider the 
variety of evidence that can be gathered, the smaller the area of doubt. He states that 
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using different methods for studying the same phenomenon should lead to greater 
validity and reliability than using a single approach. 
Denzin (ibid) identified five types of triangulation: 
Data A variety of data sources are used with regard to time, space, and/or persons. 
Investigator A variety of researchers investigating the same phenomenon. 
Theory The use of multiple perspectives to interpret a single set of data. 
Method A variety of data collection methods, questionnaires, and interviews etc. 
Environment A variety of locations where the research is conducted. 
Most research usually aims for two of the above types of triangulation (Hussey and 
Hussey, 1997). However, this research deploys three of the above types of triangulation, 
namely data triangulation (i. e., a variety of informants), method triangulation (i. e., a 
variety of data collection methods), and environmental triangulation (different locations 
and settings). This is very important, as it emphasises the reliability and validity of this 
research as being high. A thorough discussion of this topic is given in Section 8.2.2. 
5.3 Summary 
In this chapter the data collection and analysis methods were identified. The data 
collection methods used in this thesis were primarily non-participant observation 
(described in Section 5.1.1) and semi-structured interviews (in Section 5.1.2). 
Questionnaires were also used, and are described in Section 5.1.3, but they were not a 
primary source of data. The benefits and disbenefits of these methods were discussed, 
before how they were used in this thesis was stated in Section 5.1.4. 
Grounded Theory was defined as the methodology guiding data analysis, using the 
constant comparison method as defined by Glaser (1992). Software packages 
QSR@TmWIVO and SPSS were employed to aid computer analysis of the qualitative 
and quantitative data, respectively. The important issues of reliability and validity of the 
research methods were introduced in Section 5.2.4, where triangulation was discussed. 
The validity and reliability of the findings will be discussed in Section 8.2.2. 
Having discussed the research paradigm and methodology in Section 4.1 and having 
outlined the data collection methods in this chapter, the research findings are presented 
and discussed next, in Chapter 6. 
Chapter 6 
The Iterative Systems Integration 
Model (ISIM) 
This chapter is concerned with presenting the key contribution of this thesis, ISIM. The 
model is described, and its formation discussed, before hypothetical examples of the use 
of ISIM are given. ISIM is comprised of several features, which are the result of the 
application of grounded theory, used for the analysis of data collected in the ICUs 
described in Section 3.3. 
6.1 ISIM 
This section presents the principal contribution of this research, the Iterative Systems 
Integration Model (ISIM). Section 6.1.1 illustrates ISIM and provides a description of 
its components and is followed by a description of how ISIM was formulated in Section 
6.1.2. To facilitate an understanding of ISIM in the context of CIS integration, 
hypothetical descriptions of how ISIM may be applied are given in Section 6.1.3. The 
derivation and discussion of ISIM in terms of its constituent parts - and in terms of the 
sites at which data were collected - are left for Section 6.2, which is more readily 
understandable once ISIM has been clearly defined. 
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6.1.1 Description of Components 
ISIM is a conceptual model derived from empirical data collected from three ICUs 
(Sites A, C, and D, which were described in detail in Chapter 3; Site B is used to 
validate ISIM in Section 7.2). The model is shown in Figure 6.1, and evidence of its 
derivation from the data collected is given in Section 6.2. The model consists of four 
components: 'Work Processes', 'Actual Usefulness', 'Organisational Culture', and 'CIS 
Integration'. These components are described in more detail first, and then the 
formation of ISIM is detailed in Section 6.1.2. 
Work Processes 
Work processes describe how organisations conduct their work. They can be illustrated 
using work process diagrams, which are used here to demonstrate the work processes 
concerning CIS and ICU staff, simp lifying the complexity surrounding ICU 
environments. Work process diagrams were developed as snapshots of how work in the 
ICU was conducted at a given point in time. 
Work processes can obviously change, for example, when new equipment is 
installed in an ICU. Therefore, it was impractical to state that any one particular method 
of creating work process diagrams would be suitable for all ICUs. For this reason, ISIM 
does not specify the use of a particular method for illustrating work processes, as the 
chosen method may vary between individual ICUs and researchers, each of whom 
should opt for the one that best suits their needs. In this thesis, Role Activity Diagrams 
(RADs) were used as a tool for illustrating ICU work processes; see Section 6.2. L 
Figure 6.1: The Iterative Systems Integration Model (ISIM). 
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Actual Usefulness and Oreanisational Culture 
Data analysis (the analysis methods used are described in Section 5.2, and more details 
are given in Section 6.1.2) enabled the identification of 16 salient features that were 
found to be important for CIS integration. These are separated into two categories: 
Organisational Culture, which describes the human and organisational factors that can 
affect CIS integration and Actual Usefulness, which focuses on experiences of using the 
CIS in practice, and how beneficial the CIS is to those that use it. The factors of 
Organisational Culture and Actual Usefulness that were identified through grounded 
theory are shown in Figure 6.2, and are discussed in Section 6.2. Discussion about each 
factor in Figure 6.2 varies in length, as it was dependent upon how much data was 
collected for each factor. For example, 'Training and Education' was found to be a very 
iactor at eacti site, ancl so tflis is cliscussea in great actail. 
Training and Education 
User Knowledge and Experience 
Users 
Organisational Environment 
Management Support 
Group Attitude 
Expectations 
CIS Integration History 
Influence 1 10 CIS Integration ld Influence 
Kev for Fizure 6.2 
Separates features for the two categories, Organisational Culture and Actual 
Usefulness 
These features have also been found to be of great importance in the fields of 
Human-Computer Interaction, Design Engineering and Management. 
Figure 6.2: Detail of the Organisational Culture and Actual Usefulness elements of ISIM - factors that 
affect CIS integration. 
I System Support I 
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CIS Intel! ration 
In Section 1.2.1 CIS integration was defined as the extent to which CIS support ICU 
work processes (i. e., the extent to which they conibine with the work processes), are 
accepted by users, and are fully functioning and well used. This is given in ISIM 
(Figure 6.1) as an outcome of work processes, Organisational Culture, and Actual 
Usefulness. 
A Description of ISIM 
CIS integration is an iterative process, and directly affects ICU work processes, with the 
amount of change being dependent upon the system introduced and the extent to which 
it is integrated at a given point in time. For example, a change in the CIS will change 
the Organisational Culture ("how things are done around here"). The factors identified 
in the Organisational Culture category (see Figure 6.2) influence CIS integration either 
positively or negatively depending upon the Organisational Culture factors in place. The 
cycle then iterates and directly affects the work processes, i. e., what is done in the ICU. 
As the CIS is being used, the Actual Usefulness factors will influence CIS use in 
practice, and hence CIS integration, while the Organisational Culture factors will do the 
same in parallel. Both the Actual Usefulness of the CIS and the Organisational Culture 
of the CIS will then influence CIS integration, again, either positively or negatively 
depending on the factors identified in the two categories. The cycle iterates, until it 
stabilises with the CIS either fully integrated or rejected. The number of iterations 
required for full integration will depend upon the amount of change required in the 
culture of the organisation, the actual usefulness of the system, and the impact of the 
CIS on work processes. Because both Organisational Culture and Actual Usefulness 
impact on the extent to which the system is integrated and the resultant change in work 
processes, where a change is made in one category, it will affect CIS integration and 
work processes, and hence affect the other category. However, changes in 
Organisational Culture and Actual Usefulness do not affect each other directly, but only 
through changes to CIS integration and work processes. The first two iterations of ISIM 
are shown in Figure 6.3. A description of how ISIM was formulated is given next. 
Chapter 6 The Iterative Systems Integration Model -89- 
Original System 1 New System Introduction 
i Mork Culture I 
Processes I 
=*I 
us( 
CIS Integration 1. 
=ý> => 
(Phase 1) 
Work 
Processes 2 
Culture 2 
1'. 
fulness 2 
CIS Integration 
(Phase 2) 
Fiql Peralion 
Time 
Figure 6.3: The first two cycles of ISIM 
6.1.2 Formation of ISIM 
In Chapter 5 the methods used to assist with the collection of empirical data, from 
which the findings are derived, were discussed. Non-participant observations and 
interviews were the data sources used to derive ISIM. Grounded theory (Glaser, 1992) 
was identified as the method of analysis for the data collected, and QSR NVIVOOTM 
was used to code and aid the analysis of data. The process of deriving ISIM is as 
follows: 
* Data were recorded as text documents. 
* All the documents were read and re-read until concepts emerged. 
* All factors were initially coded using open coding, which means that they were not 
as yet assigned to categories. 
eA 'not relevant' category was formed for data that was not of significance to this 
thesis. This category was revisited after the formulation of each part of ISIM to 
check that nothing was missed. 
a All codes under Organisational Culture were identified and compared with each 
other, and in relation to CIS integration (hence the emergence of Figure 6.4, i. e., a 
one-way arrow showing that Organisational Culture affects CIS integration). 
e The documents were read again, and the remaining codes were comPared against 
those under Organisational. Culture. Subsequently, the concept of Actual Usefulness 
emerged, and the remaining codes fitted under this category (Figure 6.5). 
9 The documents were re-read again in light of the findings, focussing upon the 'not 
relevant' category and CIS integration; Figure 6.6 gives the emerging concepts, the 
notion that CIS integration is not only affected by Organisational Culture and Actual 
Usefulness, but also affects these factors; CIS Integration influences Organisational 
Culture and Actual Usefulness, which influence each other. 
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So far, work processes are disparate from Organisational Culture, Actual 
Useftilness, and CIS integration, but having already analysed work processes, it was 
evident that they significantly affected the other three categories (Figure 6.7). 
The notion of iteration enabled the formulation of the final model that is ISIM i. e., 
Actual Usefulness and Organisational Culture influenced each other through the 
work processes and CIS integration, so that a change in work processes meant a 
change in Organisational Culture and Actual Usefulness, the effects of which merge 
to influence CIS integration, which again affects work processes, and so on. This 
meant that the link between Actual Usefulness and Organisational Culture as shown 
in Figure 6.7 was now unnecessary, and the final model ISIM emerged (Figure 6.1, 
this is given again, over page, for completeness). 
Organisational 
10 
CIS Integration 
Culture 
Figure 6.4: Organisational Culture affecting CIS Integration. 
Organisational 
Culture 
CIS Integration 
Actual 
Usefulness 
Figure 6.5: Organisational Culture and Actual Usefulness affecting CIS integration. 
Organisational 
Culture 
CIS Integration 
Actual 
Usefulness 
Figure 6.6: Organisational Culture and Actual Usefulness affecting, and being 
affected by, CIS integration. 
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Organisational 
Culture 
Work CIS Integration 
Processes 
v 
Actual 
Usefulness 
Figure 6.7: Work processes in relation to Organisational Culture, Actual Usefulness and CIS 
integration. 
............................................................................. .......................... .4..................................................................................................... . ....... 
Actual CIS 
Usefulness 
Work CIS 
01 Processes Integration 
Organisational 
Culture 
Figure 6.1: The Iterative Systems Integration Model (ISIM). 
6.1.3 Hypothetical Applications of ISIM 
To facilitate the contextual understanding of ISIM, this section describes hypothetical 
cases when ISIM may be used. It must be noted that ISIM is a model that offers a guide 
rather than a prescription. The factors identified in Figure 6.2 are by no means static, 
and different ICU organisations may have factors of Organisational. Culture and Actual 
Usefulness that are unique to them. Using ISIM as a guide may enable ICUs to identify 
these factors. 
ISIM may be applied to guide the development of interview and questionnaire 
categories, and observational factors to Nvatch for, so that an ICU can assess 
Organisational Culture and Actual Usefulness factors in their organisation, informing 
them about how and why a CIS is used. Mapping the work processes in conjunction 
Chapter 6 The Iterative Systems Integration Model -92- 
with assessing Organisational Culture and Actual Usefulness may enable organisations 
to capture the context of these factors and how a CIS may affect existing work 
processes. 
This thesis is not concerned with providing scales for measurement. Tools for 
measuring performance and conducting economic analysis are ubiquitous: these tools 
could be used in conjunction with ISIM if measurements are important to the 
organisation. The primary focus of ISIM is understanding (the why), rather than 
measuring (the what). ISIM may be used as a conceptual model to guide and explore 
CIS-related decisions before, during, and after CIS implementations. 
Before CIS Implenlentations 
The ICU will almost definitely have some sort of CIS in place to organise and manage 
patient information, be it paper-based, computer-based, or some combination of the two. 
Before procuring a system, the application of ISIM could guide and inform decision- 
making regarding CIS procurement. Analysing work processes may force the 
organisation to notice how things are actually being done, as opposed to how they 
should be done. 
The application of ISIM as a guide may also enable the ICU to understand why 
things are being done the way they are. By conducting this analysis themselves, as 
opposed to using external advisors, the organisation would be able to see, first hand, 
how their work processes and Organisational Culture, together with the Actual 
Usefulness of a particular system, may affect CIS integration. This may then enable the 
organisation to recognise how a given CIS may be accepted if it were implemented in 
the ICU in its current state. It may guide them to evaluate the feasibility of introducing a 
system, what factors they need to change before implementation, and what factors need 
to remain the same. 
As mentioned previously, introducing a CIS alters work processes; a change in 
Organisational Culture is inevitable i. e., "hoiv things are done around here". It is not 
enough to simply know what is being done; the application of ISIM may enable an 
understanding of why things are done the way they are. This gives ICU management the 
opportunity to use this information to facilitate optimal integration of a new CIS, or to 
decide to remain with the system that they currently use. 
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During CIS Implementations 
Continuously assessing how an implementation is progressing with regard to the 
organisational environment and the people that use the CIS is important because it 
provides feedback on progress, and enables changes to be made if necessary. The 
application of ISIM may enable implementers to understand progress towards CIS 
integration in terms of acceptance and actual use. This may guide the organisation in 
identifying the factors that facilitate integration. If the implementation is not going well, 
evaluating progress may provide an opportunity to rectify any problems by 
understanding why they are occurring. If implementation is going well, success could 
be reported to participants realistically, based on the evidence that they have collected. 
After CIS Implementations 
Applying ISIM after CIS implementation may not only enable the organisation to learn 
from the implementation, but also indicate how they may sustain and improve CIS 
integration. Interview questions and questionnaires could be developed using the broad 
categories in ISIM to survey user reactions and experiences of the CIS. Evaluating the 
CIS after it has been integrated may enable the organisation to assess user satisfaction 
with the system, and those factors that may impede success. Analysing work processes 
will highlight the benefits (if any) of using the CIS, which can be imparted to users of 
and investors in the CIS, informing them of the actual - as opposed to the predicted - 
benefits of using the CIS. 
Having described the model, its formulation, and hypothetical application, the 
derivation of each component of ISIM is now described and discussed, showing the data 
in which the model is grounded. 
6.2 Derivation of ISIM 
The derivation and discussion of each component of ISIM (work processes, 
Organisational Culture, Actual Usefulness, and CIS integration) is given in this section. 
The use of Role Activity Diagrams (RAD) to illustrate the ICU work processes is 
discussed in Section 6.2.1, while Sections 6.2.2,6.2.3, and 6.2.4 present the derivation 
of the Organisational Culture, Actual Usefulness, and CIS integration elements of ISIM 
respectively. 
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6.2.1 Work Processes 
This section describes how work process data were coded and the RADs developed; a 
comparative discussion of work processes at each site is given at the end of the section. 
Before the RADs are presented, a road map guiding their reading is given in Figure 6.9. 
A key describing the symbols used is shown in Figure 6.10. 
Analysing the Work Processes 
As described previously, the data on which ISIM is based were collected from three 
ICUs (Sites A, C, and D (Section 3.3); Site B was used as a validation site (Section 7.2)) 
by a combination of non-participant observation and interviews. The analysis of this 
qualitative data was perforined using QSRg Tm NVIVO. This enabled the coding of all 
the data that described work processes. Work process data were collected from 
observations and then participants were asked about their work in an ICU during 
interviews, so that anything that was observed was verified and anything missed or 
unclear could be clarified. Figure 6.8 shows an example of how QSR OTIIINVIVO 
enabled the management, recording and analysis of data. In particular, this figure shows 
ode Tools View 
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B rowse P(operties Att,! 
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Desciription of Sett 
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Search Resullts 
Cases (0) 
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A 
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Doctor WP 2 84 
PatientJotmney 3 5 
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6S ecretary 7 7 
40 Seamless CIS 8 17 
1W bets Its) Documents codedý '6 Children: 8 ýData 
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Figure 6.8: A screen dump of QSR(R) Tm NVIVO showing the nodes at which data were coded 
for work process diagrams. 
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the nodes at which some of the observation and interview documents were coded for 
work processes. Observation data regarding work processes were separated into nodes, 
i. e., into clinician categories (nurses and doctors), as is shown in Figure 6.8. Each 
node was then coded under further categories such as information processes, flow of 
work, use of CIS etc. Using QSR(D TNI NVIVO it was possible to group all data about 
specific categories, so all data concerning information processes in all documents in 
which this was coded, could be searched for, and was presented in a document. 
Once all relevant data had been coded, it was then re-read and compared with 
other categories within work processes. The methods oulined by Warboys et a]. (1999) 
for constructing Role Actvity Diagrams were then followed as is discussed next. 
Formation of Role Activitv Dinrams 
Role Activity Diagrams (RADs) were used to illustrate nurse and physician work 
processes, first for three ICUs. and after the derivation of ISIM, for validation purposes 
at a fourth ICU (see Section 7.2). RADs were chosen for the purpose of this research 
because they can be adapted to look at higher-level pictures of processes and they have 
also been applied successfully in healthcare (Kay et al., 1998). Petri Nets (Murata, 
1989) and the Unified Modelling Language (Quatrani, 1998) were also considered, but 
it was found that they were more appropriate for very low-level process representations 
and are predominantly used for software engineering. RADs have the additional benefit 
that they also capture organisational context, which can influence systems, and is an 
important part of ISIM. In common with most methods for mapping work processes, 
RADs are a static representation of the work processes. This raises issues associated 
with static representations of dynamic processes, and means that new RADs may need 
to be produced for several iterations of ISIM. 
In this thesis RADs were constructed following data reduction using the 
following three processes, as outlined by Warboys et al. (1999): 
0 Interacting 'agents' were identified in a context model. All interactions 
within the system were isolated and classified into individual interactions for 
the purpose of defining the goals. 
0 The operational goals were established for each interaction. These goals 
represented the behaviour to be modelled, and are known as conceptual 
models; here involving clinical information between nurses/doctors/ 
patients/other clinical staff and the information tools used. 
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e Method Models* illustrate how each goal is achieved through the use of 
RADs, which were developed for each site. 
Work Process Road Map 
In this thesis, the patient journey begins at the ICU; this is summarised in Figure 6.9, 
which is a guide to the order inwhich the RADs should be read. The focus of the work 
processes is predominantly on the information processes. It must be noted that the focus 
of this thesis is on 'Care' as it is the most information intensive; 'Admission' and 
'Discharge' are described briefly in tables 6.1 and 6.4, for perspective. 
Admission Care Discharge 
Table 6.1: Patient 
registration at each site 
Figure 6.11: Nursing Meeting 
at start/end of shift. 
Figure 6.12: Nursing shift 
bandover. 
Table 6.2: Doctors meeting at 
start/end of shift. 
Figure 6.13: Patient 
preparation for doctors rounds 
Figure 6.14: Doctors rounds. 
Figure 6.15: Taking patient 
out of unit for other procedure 
e. g. Magnetic Resonance 
Imaging (MRI) Scan. 
Table 6.3: Description of sub- 
process identified in the 
RADs for each Site. 
Table 6.4: Patient 
discharge/transfer at each 
Site. 
Figure 6.9: A guide for reading the ICU work processes 
Having created the RADs for the ICU work processes, it was found that many of the 
work processes were identical at each site; the differences were in how sub-processes 
were conducted. Therefore, to make the RADs easier to read and follow, the figures 
show the common elements, the sub-processes at each ICU are given in Table 6.2, as 
0 Method Models are derived from contextual and conceptual models through the use of RADs, which 
show every role in the process or activity, and also every interaction within each role. 
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this immediately enables comparisons between the sites. A reference list of all tables 
and RADS developed to explain the work processes is given in Figure 6.9, and a key 
showing all the symbols used in the RADs is given in Figure 6.10. 
KEY 
RAD Notation 
D 
Eli 
0 
0 
A 
(*) 
State marker (A role may begin 
another role). 
Activity. 
Choice conditions. 
Represents an activity beyond the scope 
of the model. 
Sub states divide the main 
thread. 
Represents sub processes that are 
modelled separately to retain 
simplicity. The sub-process cannot 
contain collaborative interactions. 
These processes may occur at any 
time and in any order, as well as 
repeat 'n' times. 
I 
Interaction between roles. 
Abbreviations 
Italicised text in the model 
represents information 
processes involving tools 
PR - Patient Record 
POC - Patient Observation 
Chart 
Each role is given 
above the activity it 
partakes in and the 
relationship one (1) or 
many (M) is expressed 
in brackets i. e., Patient 
(1), Doctor (M). 
Figure 6.10: Key for reading RAD notation 
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Admit Patient to ICU: 
Table 6.1 describes briefly, the information process of patient registration. 
Table 6.1: Patient registration at each site. 
I Registration Process 
Patient details are sent with the patient. Details are given on printouts from the hospital A information system and various registration forms. These details are then retyped into 
the ICU CIS. 
C Registration is handled by two ICU secretaries via the Green System, which was 
escri ed in Section 3.3. Secretaries organise all patient data. 
D Registration is handled by a group of 5-6 ICU secretaries via the Green System, which 
was described in Section 3.3. Secretaries organise all patient data. 
Care of Patient in the ICU 
Nursing Meetings 
Figure 6.11 illustrates the nursing meetings held at the start/end of each shift at the ICU. 
The meetings were conducted similarly at each site. The goal of the meetings was to 
update nurses beginning the new shift (sometimes nurses may be away from the unit for 
weeks, therefore this meeting is very important) about the situation at the ICU, and to 
assign patients to nurses. 
All nurses on the previous shift (NoPS) and nurses on the current shift (NoCS) 
attended, as well as two clinical sisters. The aim was to inform all participants of the 
status of all patients on the ward. The meeting was conducted primarily by the clinical 
sister on the just-finished shift, who presented a verbal summary of all patients' status, 
although any NoPS could add details. The duration of the meetings varied between 15 
and 30 minutes, depending upon the number of patients in the ICU and the severity of 
their conditions. 
At all sites, nurses would mostly remember what was said, and only 
occasionally make notes. A more intense information exchange took place between the 
two nurses involved with each individual patient (one nurse coming onto the ward, and 
one finishing their shift). This exchange was conducted at shift handover (Figure 6.12), 
once the clinical sister had assigned nurses to patients, and is described next. 
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This meeting occurs at the beginning and end of each shift, where the sister on the last shift 
informs nurses on the new shift of patient status, and assigns patients to nurses. 
Figure 6.11: Nurse meetings at start/end of shift 
Nursing Shift Handover 
The shift handover is portrayed in Figure 6.12. This occurred by the patients' bedside 
between the nurse on the previous shift (NoPS) and the nurse on the current shift 
(NoCS). The goal of the meeting was for the NoPS to inform the NoCS about the 
patient and address particulars, for example the NoPS may not have had time to give the 
patient a bath, there may have been a change in the dosage of medication on that shift, 
or the patient may have to be positioned in a particular way, etc. This was also an 
opportunity for the NoCS to clear any queries they had. Any questions unanswerable by 
the NoPS were addressed to the clinical sister if she was available, or the nurse waited 
for the doctors' rounds, or tried to ask other nurses. 
Clinical Sister (1) Nurses (M) 
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The information exchange was mostly verbal, however the NoCS would also 
watch the monitors and vital signs and observe the patient to verify what the NoPS was 
telling them; most of the nurses at each site confirmed the following quote: 
"We look and feel, it is not just what is written ... intuition..? " (Nurse, Site D). 
The importance of the CIS in this exchange was minimised. However, this does not 
mean that a CIS was not capable of this task: 
"Sometimes it's just pure laziness, people ask you what you think, what have you done about that. There 
are a lot of things that we communicate verbally. But generally speaking you could getjust about 
everything out of the CIS. " (Nurse, Site A). 
The patient observation chart was also referred to frequently throughout the exchange 
between the nurses, as it was a summary of hourly nursing observations for the past 24 
hours of nursing care. Once the shift had been handed over, the NoCS would check all 
the physiological equipment, as well as the patient. This is illustrated in Figure 6.12. 
Nurse, I Nurse (1) 
Handover Handover begins 
begins 
Di; cuss P ient 
Lj L -1 L -1 L -1 L -1 
Refer to Observe Quest 'Lons? 
Yes 
No 
Observe POC (*) patient 
monitor 
No Yes 
nswered 
Await Dr Ask clin al 
rounds sister 
End of End of shift 
shift handover 
handover 
The shift handover occurs at the end of each shift after the meeting given in Figure 6.7. The 
nurse on the preceding shift, informs the nurse on the new shift about the patient. 
Figure 6.12: Nursing shift handover 
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Doctors' Meetings and Shift Handovers 
A summary of the doctors' meetings and shift handovers for all three sites is given in 
Table 6.2. 
Table 6.2: Summary of doctors meetings and shift handover 
Site j Process I Information Processing 
Consultant in charge leads attending doctors around 
Use the CIS by the patient 
each patient in ICU. 
bedside to discuss patient and 
input any data. 
At the meeting, a sheet of 
C paper with patient name and 
Formal meeting where doctors on previous shift condition is given to each 
and inform doctors on current shift of status of ICU. attending doctor. After the 
D Patients are delegated between the doctors. meeting doctors read the 
patient record to familiarise 
and prepa e for the patient. 
Although nursing meetings and shift handovers were very similar at all sites, the 
doctors' meetings differed between the Danish (Sites C and D) and the English (Site A) 
site. Where the Danish meetings were formal, and conducted in a separate room, the 
English meetings were less formal and conducted on the ICU by the patients' bedside. 
A visiting German doctor at Site C was quoted as saying: 
"Meetings. You have to go to so many meetings here" (Doctor, Site 
At both Danish Sites, doctors would meet during the shift handover, and doctors on the 
previous shift would summarise patient status and conditions. This was similar to the 
nursing meeting where questions were asked and the ICU status was discussed. All 
doctors participated in the meetings, and patients were shared out between them. 
A sheet of paper with the name and condition of each patient was handed to all 
attending doctors, who made notes about the patients to be seen. Fon-nal shift handover 
was not conducted in the same way as for nurses, as the meeting was considered 
sufficient. For details about a particular patient, the doctors referred to the patient record 
(see Table 6.3). 
At the English site (Site A) formal meetings were not conducted, instead the 
consultant in charge and the doctors on duty went round each patient and discussed 
them by the patient bedside. Nurses in charge of the patient sometimes attended, and the 
clinical Sister would also attend. At the end of this process a doctor examined each 
patient, as in Figure 6.14. 
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Patient Preparation for Doctors Rounds 
Figure 6.13 depicts the processes of Preparing the patient for the doctor's rounds. 
Nurses at all sites, started their shift approximately an hour before the doctors; during 
this time the nursing meeting, shift handover, and some tending of the patient was 
conducted by the nurses. Once the nursing shift handover had occurred, the NoCS 
would check everything that the NoPS had told them, so the patient was observed, fed, 
and bathed, and physiological equipment was also inspected. 
Once a nurse has commenced a shift the patient is prepared for the doctors visit. The RAD illustrates this process 
and highlights the informational interactions that occur. Nurse (1) Patient (1) 
Note that the nurse may be 
ý: ý 
interrupted at any point 
(* Shift begins 
Patient u iprepared during these processes to 
IF, 
Examines 24 hour POC carry out another role 
Adds last 24 hour POC to the 
PR 
Starts new 24 hour POC 
Patient examined by nurse 
Ancillary Staff (M) 
(e. g., Physio, dietician, microbiologist etc. ) 
Arrives 
Patient fr -e y yy s0 from other 
specialist 3? Got( see 
Ys 
ot PýZ ot pati 
9 
ea df 
IPýRz 
ý5 
Check monitoring equipment 
medication? 
Bathe patient 
(*) 
Record observations 
ss with 
nurse? 
Patient 
Patient 
Record notes in PR d*) 
Record speciality no s 
N-O YC 
le Read PR (*) 
Readandmakenurs 
Assess patient status 
Examine patient 
Check lab results 
notes (* 
Patient assessed 
This interaction may occur at any point in the morning and may also involve the doctor, 
hence exactly when the interaction occurs is not mapped on the RAD. 
Figure 6.13: Preparing patient for doctors' rounds. 
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The nurse would constantly refer to the patient observation chart, which was the 
main source of up-to-date and summarised patient information. For more details the 
nurses generally referred to the nursing care plan, and the patient record was read 
occasionally - the patient record was predominantly read by doctors. 
A number of ancillary clinical specialists, such as physiotherapists, 
microbiologists, and dieticians visited the patient at some point during the day. At all 
sites, they read a summary of the patient in the patient record, and they checked the 
patient observation chart. However, they mostly used their speciality notes, in which 
they recorded patient data. They would also write a brief entry about the patient in the 
patient record. At Site A physiotherapists also used the CIS to write their notes about 
the patient, as well as having their own notes. At Sites C and D, ancillary staff would 
write an entry in the patient record, and then complete their own notes. The nurse 
tending the patient was not always present when ancillary staff checked the patient. 
However, any information regarded as important was conveyed verbally between the 
two parties. Doctors may also have been consulted, depending on the situation. 
Doctor's Ward Rounds 
At Sites C and D, individual patient examinations were conducted after the doctors' 
meeting had finished, and doctors had read the patient record. In Site A the patient 
examination was conducted after a preliminary ward round with the consultant in 
charge. The patient examination was almost identical at each site, and is given in Figure 
6.14. The differences between sites occurred at the sub-process level, and are described 
in Table 6.3. 
In Figure 6.14 medical specialist interaction is also recorded. The exact process 
varied depending upon the speciality - some involved taking the patient off the unit for 
further tests. For example, in Figure 6.14, the 'take relevant action' entry is expanded in 
Figure 6.15, where a patient may be required to leave the ICU, e. g., for an MRI scan. 
The information exchange at this level is very interesting, as it varies depending upon 
how it is exchanged. Where sites had an electronic CIS that linked the departments, 
results were available much faster than where one was not available. This implied that it 
was possible to take more immediate action than if the results were obtained manually 
at some later time, and might affect overall patient outcome. 
Doctors referred mainly to the patient record and the patient observation chart 
for their information needs; doctors rarely read the nursing notes. The patient 
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observation chart was the only common form of information that all clinical staff 
referred to on a regular basis. Table 6.3 describes the sub-processes at the sites. 
This meeting between doctor, nurse, and consultant may occur at any time during the period specified 
and in exceptional circumstances outside the time boundary given, depending upon organisational 
factors such as number of patients admitted, availability of staff and other resources etc. 
Nurse (1) Note that nurse, doctor and 
Doctor (1) 
I Nurse Awaits Doctor Nurse Awaits Doci consultant inay 
be interrupted at 
any point during these processes to 
N Yes N Yes carry out another role Read PR 
1 
arrived? arrived? WT ý Yes No Discuss with 01 )r arrives 
Other nurse? 
Discuss 
nurse 
activity Patient (1) 
............... ...................... . Oiher I Unexam ned UJLnexam . ................................................... . ..... ....... 
n4rse 
Patient examined 
activity :0 bser Patient , ed Check monitors(*) 
Check 24 hour POC 
0 Other ther 
nurse i Refier to PR r 
ctivi a activity ctivity:: 
Record notes 
Discuss 
A 
.................. ............. ......................... . 
Check lab results, 
MaA e plan of c arefor 24 hours on POC ............ .. ........................................... 
R d * 
ý 
Dh cuss ecor notes 
( ) 
Yes No Specialis 
Specialist /Consultant (M) intervent oi 
Consultant Arri s Contact required' Implente it C onsultant 
L 
plan(*) ... ...... ........... to PR Patient onsultant Ye it y Evaluate! pati 
status 
ýt =xamm( d 
Iy N wt 
vailable 
I Record notes 
I Endofshift ýrrange 
Examined &d 
iscuss eeting 
............... . .................. . ........ Observe, I L 
tbý Take Relewnt ions LL Next 
Figure 6.14: Doctors' ward rounds 
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Nurse (1) 
Patient (1) 
Unpref 
Patient 
Organise Patient 
Equipmew prepared 
Check PR (*) 
Check PO, ý (*) 
)r takes pat ent to Depl 
Other 
nursing 
activity 
In Figure 6.10, after consulting with the 
specialist a relevant action is undertaken. In 
some cases this may mean moving the patient 
for further tests and then returning them. 
Figure 6.11 illustrates this process. 
Doctor (1) 
Dis 
cess 
Specialist (M) 
Begin process Y 
End process Y 
Discussipatient 
Retum 
Patient 
Await pati(nt 
Other Dr 
activity while 
awaiting rýults 
Write notes 
Process findings 
Send r4sults (*) 
Record no es 
pI in Figure 
1.10 Record noi es I 
Proceed as in Figure 
Figure 6.15: Taking patient out of unit for other examination 
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Table 6.3: Sununary of sub-processes at each ICU site. 
Sub-process 1 1 Site 
A C D 
Fig. 6.7. Make Notes Notes most ly remembered and sometim s written on paper. 
Physiological data is The CIS is used in Monitoring equipment is 
clearly presented via conjunction with the observed and POC. Verbal 
Fig. 68: Obsene the CIS. However, monitoring equipment, exchange is preferred. 
Monitor the monitoring but verbal exchange is 
equipment is also preferred. 
used. 
Typed in CIS by Typed in CIS that Recorded by hand on an A3 
nurses. Accessible at replaces OC only. Input sheet of paper at the foot of 
the foot of patient by nurses only. Patient patient bed. Observed by all 
bed or the nurses' plan no longer recorded. clinicians who need to see it. 
workstation. Large Instead, nurses memorise 
colour monitors aid the plan and use their 
Fig. 6.8: Refer to 
visibility. Can access (paper) nursing notes 
POC observations for more. Doctors use screen 
current and past 24 dumps that have increased 
hours only. Observed the size of the patient 
by all clinicians who record, as many computer 
may need to see it. screens have replaced one 
chart. Data extracted by 
management for quality 
control. 
Physiotherapists use 
the ICU CIS to 
Fig. 6.9: Ancillary record their notes, 
Staff notes recoded in and also record their Notes are recorded in the paper patient record by hand. 
PR and specialty own notes in paper Own notes are also recorded on paper. 
specific notes. form. Other ancillary 
staff do not use the 
ICU CIS. 
Fig. 6.9: Check 
Monitoring As for Fig. 6.7 
Equipinent. 
All data regarding Paper forms are Paper forms are completed 
patient medication is completed for all for all medication used and 
recorded in the ICU medication given to the given to the patient: this is 
CIS. Decision patient in the 'medicine recorded by the 'medication 
Fig. 6.9: Adniinister Support is also kitchen' and nursing kitchen' as part of an 
Medication available via the CIS, notes only. The CIS is inventory. It is also recorded 
where a reference list used for POC records. on separate medication 
of medications and charts and is recorded again 
dosage is also given. on the POC and in the 
I nursing notes. 
Fig. 6.9: Record 
observation notes. 
As for Fig. 6.8 'record POC notes'. I 
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Sub-process 1 1 Site 
A C D 
Typed in the CIS by Dictated into an office- Dictated into a hand-held 
doctors only. Can be based dictation system Dictaphone carried by the 
read by all clinicians that allows doctors to doctors. Left with the 
authorised to do so. record their notes at any secretaries, who transcribe 
One CIS used for time, but only from a them (0900-1600 on 
POC, PR and nursing central office within the weekdays only). Often 
notes. Clinical staff unit. These are then secretaries' desks are full of 
Fig. 6.9: Read and 
do not search for transcribed by a group of tapes, which can be scattered 
record Patient Record records. 
Very little secretaries, who also print anywhere in the office. Notes 
paper is visible. the notes and place them printed and placed in patient 
in the patient record. record folder when found! 
Testing two of the Electronic 
Health Record Modules is 
causing problems, as they are 
not provided with the 
technical support that they 
require. 
A section in the Recorded on paper. Recorded on paper. Written 
computer system Written and read by and read by nurses only. Fig. 6.9: Read and written and read by nurses only. record nursing notes nurses only. 
Arrive on a separate Arrive on a separate Arrive on a separate 
Fig. 6.9: Read and computer system. computer system. Copied computer system. Copied by 
record laboratory printed, and then by hand into relevant band into relevant notes. 
results. typed into the ICU notes. 
CIS. 
Fig. 6.10: Evaluate 
Patient Status This is conducted using the POC and patient record as well as patient examination. 
Fig. 6.10: R efer to 
patient record and As for Fig. 6.9, 'Ancillary Staff 
record notes. 
Fig. 6.10: Check 
monitors1refer to As for Fig. 6.9 POC/ Record Notesl 
check Lab results 
Manual System. Wait Remote computer system, Remote computer system, X- 
Fig. 6.11: Send 
Results. Example: 
for X-rays to be X-rays arrive rays arrive electronically. 
Radiology 
developed. Used by I electronically. Used by Used by doctors only. 
doctors only. doctors only. I 
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Discharge/Transfer Patient from ICU 
Table 6.4 describes briefly, the information process of patient discharge/transfer. 
Table 6.4: Description of patient discharge/transfer process 
Site 1 1 Discharge/Transfer Process 
Discharge: A summary of patient details are printed from the CIS and sent to the relevant 
bodies. However, as the High Dependency Unit is within the ICU, transfer of patient is more 
complicated, as patient information has to be retyped since the patient is discharged and in a 
sense, readmitted. A patient who has remained in the ICU will have accumulated much data. 
This process is also true the other way round. Data is electronically archived onto CD-ROM. 
C 
and Details are re-entered on to paper forms and given to the relevant bodies. 
D I 
Discussion of Work Processes 
The RADs are representations of work processes concerning patient care. It becomes 
apparent that most processes are the same at each site, the only exceptions being those 
that involve input and extraction of patient information. From the diagrams it is also 
apparent that the patient care process is heavily dependent upon access to patient 
information, and that this patient information is obtained from a variety of sources. 
Although verbal exchange is highly valued in the ICU, other methods of information 
retrieval and input are essential for informing Clinical staff, record keeping, clinical 
governance, and clinical care pathways, etc. 
However the RADs, together with Table 6.3, show that the variety of sources 
used at each ICU are disparate, and that much information is duplicated. Site A is the 
only ICU of those observed with a collated system of patient information for the entire 
ICU. However, their system is unconnected to the rest of the hospital systems and other 
departments, which means that communication with them is conducted via paper; 
duplication of data is still unavoidable when dealing with other parts of the hospital, as 
patient infonnation is re-typed into the ICU CIS. 
At Site C it was found that introducing a CIS increased workload and 
exacerbated the stress on existing work processes. This was particularly true during the 
implementation phase. At Site C the CIS replaced one sheet of paper, but in turn it 
generated many. It altered the way in which information was stored and retrieved, and 
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clinical staff viewed CIS benefit as accruing only to management, since it was 
implemented to facilitate quality control and resource management. 
Nurses and doctors missed the overview and instantaneity of a paper patient 
observation chart. The fact that the CIS was one of many information input and retrieval 
systems exacerbated the problem of searching for and the duplication of patient 
infon-nation, which was also visible at Site D. 
Links to other departments within a hospital for example between the ICU and 
radiology, facilitated rapid availability of X-Rays at Sites C and D. At Site A this link 
was not in place, and so availability of X-Rays was not as immediate. This hindered 
timely decision-making. 
Site A demonstrates that the CIS reduced the amount of paper used in the unit - 
as all patient information was contained in one system, it could be accessed with little 
effort from any workstation within the ICU. Yet as Site A could not communicate with 
other hospital CIS, it was not possible to eliminate paper entirely, and dissatisfaction 
about this was evident. It is clear that connected systems hospital-wide would eliminate 
this duplication and enable immediate access to patient information, the motivation 
behind 'seamless' CIS. 
In this thesis, seamless CIS refers to: 
A mediating system that enables existing and new systems in ICU and hospitals to 
communicate and collate information for all clinical staff that need it. 
The development of a new system that is able to contain and allow the retrieval of 
all patient information required by. clinical staff between departments and between 
hospitals. 
The development of new systems that are compatible with each other regardless of 
developer or supplier. 
The interviews and observations revealed that the notion of seamless CIS within 
critical care was viewed as mythical by ICU directorates, especially by those that 
experienced negative interactions with suppliers and software developers. They were 
quite sceptical of the belief that all information requirements could be fulfilled by an 
electronic system. Yet at each site, when management approached various suppliers, 
CIS were sold to clinical staff as magical entities that would improve their work 
processes in a utopian manner. An illusion of actual usefulness was created, but the 
reality for users was nearly always very different. A paradox of myth and magic 
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therefore surrounds CIS. This paradox can be breached if the margin of the definition of 
magic is moved to include that which produces marvellous results, i. e., the CIS is able 
to satisfy a majority of users and their requirements. 
Site A demonstrates this to some extent, as the CIS reduced the amount of paper 
used in the unit, and as all patient infon-nation was in one system it could be accessed 
with little effort from any workstation within the ICU. However, while the CIS fulfilled 
their information needs within the ICU, communication with other hospital departments 
remained a cause of much frustration. This impresses the urgency for seamless CIS and 
the significance of system compatibility and adaptability to suit users in complex 
organisations. These systems do not yet exist, as even at Site A communication with 
other departments lead to much duplication of information and many printouts from the 
CIS. Yet seamless CIS have the potential to draw together the diversity of systems 
within a hospital and even between hospitals. 
Section 6.2.1 has emphasised that there is a great need for seamless CIS within 
healthcare. Although ICU work processes are complicated as they deal with uncertainty 
and unpredictable workloads, their information processes have the potential to become 
much simplified with the introduction of seamless CIS, thus creating 'simplified 
complexity'. Moreover, CIS that do not allow for changes or adaptations, as user needs 
change and develop will find it increasingly difficult to meet user demands and 
perpetuate the illusion of mythical and magical CIS. ISIM enables the organisation to 
examine the 'what' and the 'why' of their organisation. Sites C and D have both 
ignored the 'why' so far. The next sections (6.2.2 and 6.2.3) investigate more closely 
the two categories of Organisational Culture factors and Actual Usefulness factors that 
are defined in ISIM. 
6.2.2 Organisational Culture Factors 
Every Organisational Culture factor given in Figure 6.2 is defined and then discussed in 
terms of the three ICU sites A, C, and D. Section 6.1.2 described how the 
Organisational Culture data were arrived so this is not discussed here. 
The concept of Organisational Culture as 'how ive do things around here' informed the 
categorisation of the eight factors (training and education, user knowledge and 
experience, users, organisational environment, management support, group attitudes, 
expectations, and CIS integration history) in this category. Note. that the features 
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identified impact upon each other, and are not independent of one another. The order 
that the features are presented in does not imply any ranking. Some factors are 
discussed more than others as they were found to be of greater significance. Before 
discussing each factor, a map of Organisational Culture factors is given in Figure 6.16, 
Training and Education - User Knowledge and Experience - Users - 
Organisational Environment - Management Support - Group Attitude - Expectations 
- CIS Integration History 
Figure 6.16: A map of the Organisational Culture factors to guide the reader. 
to guide the reader. The bold factor in Figure 6.16 is the factor under discussion. 
Training and Education 
This factor concerns the type and amount of education about a CIS that is given to 
users, both before they begin to use the CIS, and as the system is changed and 
maintained. Training and education was found to be a particularly important aspect of 
Organisational Culture, and therefore it is discussed in greater detail. It also impinges on 
many of the other Organisational Culture and Actual Usefulness factors, such as 
leadership and group attitude. Table 6.5 surnmarises the training process at each ICU. 
Table 6.5: Summary of CIS training at each site 
Site 
I 
Training 
0 Head of ICU and Head Nurse given training by CIS supplier. 
0 Training cascaded to all users while they worked. 
0 Full changeover from paper to computer took nine months. 
a One ICU Doctor and three ICU Nurses given training by suppliers. 
C 2 Invitation to 2, three-hour seminar sessions for nurses and doctors. x Training then given by 3 nurses and I doctor to all staff while they worked. 
0 Parallel use of paper and CIS system for three months. 
D 0 Initial training given to Head of ICU, who trained 3 nurses to cascade training down to all 
ICU nurses. 
Site A 
Two core leaders provided user support, and taught a team of nine nurses, who cascaded 
training throughout the unit. The full changeover took place over a period of nine 
months, during which parallel paper and computer use operated. 
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"There was also a big teaching initiative to make sure that everybody knew what he or she was 
doing. When I first started here I was still using paper but we were just moving into the 
computerised system then. And every member of staff gets training in it anyway. " 
(Nurse, Site A) 
Cascading training generally involved teaching users while they worked, and this 
system was still used for newcomers to the ICU: 
"New staff get training. The people who it is cascaded down to, they are usually the ones that 
train people (sister or nurse). I'm not sure exactly what it involves. I presume they have an 
induction that we have initially, anyway. " (Nurse, Site A) 
Cascading training had obvious benefits, such as the fact that nurses were not taken out 
of the ward, so that patient care interruptions were minimised, and that learning was not 
'brittle' (i. e., learning was clearly relevant to the job and could be conducted on-the- 
job): 
"You can sit in a room for however many days you want to do it for, but until you actually get 
here with the patient you won't know what it's like. It's so much easier with the patient there. 
It's much easier once they start using it. " (Nurse, Site A) 
However, disadvantages to this method of training are also evident. This includes the 
fact that no extra time is available to practise using the CIS repeatedly, and when 
problems are encountered there is little or no time to resolve them. This is particularly 
true in an active environment such as an ICU, as observed at Site C and reported in Site 
D. For cascaded training to be successful and not a mere 'Chinese whisper' exercise, 
strong and supportive leaders who are prepared to invest time in training and facilitate 
problem solving are essential, as was demonstrated in Site A. 
The use of parallel systems (i. e., both electronic and paper CIS) caused problems 
during the implementation phase at all sites. In particular, double data-entry exasperated 
users, confused existing work processes, and hindered learning the new CIS. When CIS 
training began, the teaching team at Site A also encountered resistance from some 
nurses, who found parallel operations time-consuming and demanding. However, these 
problems were overcome, in large part due to strong project leadership, the support 
mechanisms in place, and the realisation of perceived benefits into actual benefits of the 
CIS for all users. 
A point of frustration at the ICU involved the fact that the CIS was stand-alone 
and that it was not linked to other hospital departments. As mentioned in the work 
processes section, the aim of achieving a paperless ICU was hindered only by this 
factor. Duplication of data regarding other areas of the hospital is still a problem. 
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The CIS was continuously evolving as it was improved and maintained by the 
suppliers, often in response to feedback from users at Site A, who were encouraged to 
suggest changes to the system, and report problems. Where these changes affected the 
way in which users interacted with the system, training was still cascaded through the 
unit from the leaders. 
While nurses adapted to the CIS fairly rapidly, doctors still had to be strongly 
encouraged to use it: 
"Doctors don't put in as much stuff as they should and they don't update, only when they are 
pushed. I think it is all the sections, with the paper notes they could just continue writing. " 
(Nurse, Site A) 
I think the doctors would all like to blow it up and go back to paper. " (Nurse, Site A) 
During training, checking for errors and mistakes by users is essential. At Site A this 
role was conducted by two project leaders, who were also clinical staff. This was an 
extremely time-consuming responsibility, and had the project leaders not been diligent 
and involved this task, it would not have been conducted. The leaders would check the 
system for inconsistencies and errors, and would follow-up users who had not used it 
correctly, or not at all, and would support users as they used the system. This was far 
beyond their chief roles as clinical staff members, and was not one that was budgeted 
for. An audit trail on the paper record was reported as being impossible. 
The success of the system is related to how the project was lead and managed by two 
very enthusiastic leaders at the ICU. Whether or not this continues once these leaders 
are no longer able to manage the system and provide user support remains to be seen. 
Site C 
The computer system introduced at Site C replaced only the paper 24-hour observation 
sheet, and was implemented primarily for better management and use of data. When the 
system was introduced, all users were invited to a three-hour session showing them how 
to use the system. Attendees were mostly nurses, and only half of the doctors were 
present. Both nurses and doctors were very unimpressed with the training: 
"We had one educator, she couldn't go round and talk to all of them, so the way she did it was, 
this icon you can do this and blah blah blah, but none of the nurses were shown how to use it. So 
they were all yelling about it afterwards. So a few weeks later they took us down and gave us a 
case. It was much better, but not enough. " (Nurse, Site Q 
"We could have some cases we could work on in the PDM instead of just having 3 hours of 
introduction. Which is really only an introduction. The rest we have to do it ourselves. " 
(Doctor, Site Q 
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The trainers themselves also found that this method was unsuitable: 
"They (nurses) would like to have more training, several days away from the unit because you 
can't take care of the patient at the same time. It is not good nursing for nurses to have training 
on the unit. 
"I think that nurses need more time without the patient. They would have more success with it if 
I could have four nurses for four hours... " (Nurse and CIS educator, Site Q 
At this site, as at Site D, nurses would ideally have liked to be able to receive training 
away from the unit and the patient. They would have liked hands-on training where they 
could work with mock cases. 
"It takes time putting it into such a big department with so many people and so little 
introduction. That is really too little. We could have some cases we could work on in the PDM 
instead of just having three hours of introduction, which is really only an introduction. The rest 
of it you have to do it yourself, which is not okay, you have to be better prepared, I think. " 
(Doctor, Site Q 
The implementation was also plagued with technical delays, and training was given a 
month before the system actually became operational, so that when it was introduced, 
staff claimed to have forgotten how to use the system: 
"When we were introduced to the PDM we went home and it came in the ward three weeks later. 
So we had forgotten all about it. When we started up with it all the hardware didn't work and we 
didn't know what to do about it. " (Nurse, Site Q 
Although the system was implemented in parallel to the paper system three months 
prior to full changeover, the CIS was ignored during this time. Once the paper 
observation sheets were phased out staff were left with no choice but to learn how to 
use the system by trial and error, but no further training was provided, although at least 
one trainer could always be contacted. However, a shortage of nursing staff meant that 
remaining focussed on the job of training was difficult: 
"It is frustrating, because everyday I come in and say today I am a PDM person. Today I came in 
at 8 am and the first thing I was told to do was to help with the nursing. I have to find the time to 
teach them because they think I am a nurse everyday and want me to help with the nursing. I 
have to tell them that I can't but they say how miserable they all are. So I help. " 
(Nurse and CIS educator, Site C) 
This resulted in many problems. Users were spending at least twice as long with the CIS 
than they had with the paper observation sheet, and nurses were waiting until the end of 
a shift, or until they had a spare moment, before they completed details on the 
computer. Nurses complained that staff from other shifts were not completing details as 
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they should, so they had to complete entries for others. They felt this was too much for 
them. 
Site D 
An implementer was employed who was responsible for the introduction of the EHR in 
the entire hospital. Prior to this study, a questionnaire had been sent out to ascertain the 
levels of computer literacy across the hospital, so that training could be organised 
accordingly. Of the 1,000 staff at this hospital, 300 had never used a computer. 
Teaching was underway, so that all staff had basic computer literacy, such as using 
spreadsheet and word-processing packages. The training plan involved pulling out a few 
users from different wards to avoid having to close down any individual ward; these 
users would then cascade the training in their unit by showing other staff how to use the 
system while they worked. 
Although this sounds ideal for an ICU, it actually meant that the unit had to 
operate with fewer nurses for a time. The fact that the unit was having difficulties in 
retaining nurses and was under-staffed exacerbated the problem. One Intensivist was 
responsible for training three nurses at the ICU, and they then cascaded training down to 
other users. However, they found it difficult to obtain adequate support when problems 
arose. A help-line number for the EHR support team was available, but was considered 
useless: 
"The IT support group is not very good. We have a number we can call, but no one answers it. 
There is a lack of ownership of responsibility; clinicians do not know who they may approach". 
(Consultant and CIS leader, Site D) 
As the implementation had been subject to both political and technical delays, users 
were quite sceptical about it, but were generally willing to give it a go. This had more to 
do with the Organisational Culture of the unit than the pragmatics of having to use the 
system. There were strong concerns about losing the overview of patient data that the 
paper observation sheet had enabled: 
"I won't use it if I lose the overview. "(Nurse, Site D) 
Training staff was also viewed as problematic: 
'Ve have to push new technology with no help. We have to spend within the budget or we get 
less money next time round. I feel that if they were trained they would use the computer systems 
much more, they would feel more valued and morale would lift. It is an investment that would 
reap many benefits, but instead we get 0% on training. " (Consultant and CIS leader, Site D) 
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Much of this exasperation was expressed about a prior system that failed to be 
integrated in the unit, as nursing staff were not adequately trained and had to learn on 
the job; similar fears were arising about the Danish EHR. 
Interruptions during training on-the-job, where nurses were constantly called 
away to either tend to their patient or help other staff, were also quite frequent. It was 
therefore not surprising that there were significant concerns about leaming to use the 
system whilst caring for the patient, and losing time with the patient: 
"At the same time they have to look after very complex patients, so they don't always have the 
time to learn new things. I think that was the reason why many people are not positive. " 
(Nurse, Site Q 
When asked how they would like to be trained, most nurses and doctors wanted to have 
a few hours with the CIS and no patient, so that they could interact with the CIS; 
however this was not an option: 
"It's difficult. When I arrived here we got this PDA [Personal Digital Assistant] system and 
there were a few technical problems, and then someone said that you have to get acquainted to 
getting used to it. I found it rather difficult to just find the time and sit with it. So it took longer 
than it would have done than if we had more time and it wasn't on the job. " (Doctor, Site D) 
Overall 
ICUs have a high turnover of clinical staff, and shortages of specialised ICU nursing 
staff are evident. Thus training is considerably more difficult, and teaching away from 
the ICU becomes particularly impractical. In addition, each new member of staff must 
be taught how to use the system. Furthermore, the ICU is rife with interruptions and 
distractions, which also makes on-the-job training difficult. Despite this, Site A 
succeeded with its implementation, and their CIS was integrated into the ICU and was 
well-used and liked, at least by the nurses. 
Sites A and D both cascaded their training, whereas Site C did not, instead 
diverting three nurses and a doctor from healthcare to training. This was not as 
successful, and suggests that cascading training may be a better method depending on 
leadership, and the availability of experienced users who can be asked for help. 
However, it must be noted that both Sites A and D are much smaller than Site C, and it 
is not known whether or not cascading training would scale suitably. 
At Site D, where CIS projects were ICU specific, positive outcomes were more 
readily visible. This system broke down at Site D once CIS project ownership and 
leadership extended beyond the ICU. For example, the EPR project was at county level; 
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although the Clinical Director was personally involved with training his staff, he did not 
have ultimate ownership or leadership of the project as in Site A. 
User involvement and adequate feedback mechanisms were also essential. As 
user suggestions were considered at Site A, and users observed those suggestions being 
implemented, this lifted staff morale. However, this was not true at Site C. User attitude 
to training also proved to be a problem at Site C. Training programs were provided for 
all staff, but few doctors attended them, so the burden on nursing staff increased since 
they had to use the CIS on behalf of doctors. 
"We had two days, about fourteen hours. When we were introduced to the PDM we went home 
and it came in the ward three weeks later. So we had forgotten all about it. When we started up 
with it all the hardware didn't work and we didn't know what to do about it. " (Nurse, Site Q 
"Most of them are willing to learn and some of them have a block, they can't learn because they 
think it is a stupid program, they are frustrated because they have to do the work around the 
patient. They also have to write everything down and at the same time have to learn how to use 
the system, which they don't think is logical. " (Nurse (trainer), Site Q 
Finally, it is important that the financial costs of training and education are included in 
the budget, not just initially, but throughout the lifetime of the CIS. This is often 
ignored. However, at Site C, as the effects of inadequate training became more obvious, 
the importance of training became clearer: 
"If we don't teach people good enough then they become frustrated and won't like it. " 
(EPR Module Leader, Site Q 
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User Knowledee and Experience 
This factor is concerned with how prior user knowledge and experience can affect CIS 
integration. This includes a wide variety of different facets, including previous CIS 
experience, IT competence, confidence in clinical procedures, and tacit knowledge. 
It seems at first sight that prior IT experience would have a purely positive affect 
on CIS acceptance, and this is true in most cases: 
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"I think it was excellent. I have worked with computers before, after I had worked as a nurse I 
took a break in it and worked with computers for some years and then got back to nursing, so I 
had some experience with that kind of work. " (Nurse, Site Q 
"But of course we are familiar with computers and windows and things in other settings so it is 
not new to us in every way, but it is a very different way of working (thinking? )" 
(Doctor, Site D) 
However on occasion, prior knowledge of one type of system can impede the use of a 
different type of system, as they raise false expectations and require more learning on 
the part of the user; for example, experience of using Windows-based systems is not 
necessarily beneficial for using Unix-based systems. 
Where users do not have any IT experience, it can be a particular problem, 
especially among older staff, who often display some fon-n of technophobia, and fear 
that it will take them longer to learn to use the system, because they also have to learn to 
use the computer itself. 
"It would take some time for the skills to develop. It would take a lot of the time that we don't 
really have if you are busy with other things. " (Doctor, Site D) 
This lack of experience of IT systems was dealt with at Site D by their questionnaire 
about computer literacy, and subsequent training scheme. This seems to be a useful 
precursor to the introduction of any IT system. 
Another very important facet of user experience ties in to Group Attitude and 
CIS Integration History. Users who have had negative experiences of previous CIS 
introductions will be much more resistant to change than those who have never used a 
previous system, or have had positive experiences: 
"I had used a different system when I had worked in the south of England as a Midwife. I had 
used a system that was introduced then for obstetrics and gynaecology. So I have been using a 
computer system, for patient care, since about 1991/92. " (Nurse, Site A) 
Evidence of confidence in clinical work can also positively affect how a system is used: 
"I've worked in intensive care for eighteen years, I've worked in lots of different areas. I do have 
more experience and if you're a bit more competent in practice it does makes life easier. " 
(Nurse, Site A) 
A principal reason for introducing a CIS is to help the users. Yet often their knowledge 
and experience is left as a huge untapped resource of tacit knowledge. This can aid in 
the selection of a suitable system, as here at Site C: 
"This is not the most appropriate system for us. I have worked in other hospitals and know of 
other systems that are much better. " (Doctor, Site Q 
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It can also be useful for improving the system after implementation. At Site A this type 
of information is taken into account, and there are informal feedback procedures for all 
members of the ICU: 
"Well, usually it is them telling us that we would like this, and that so we ring them and say can 
we have blah de blah de blah, and the system people will say fine, it might take one or two 
days. " (Doctor, Site A). 
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Users 
Identifying the users of the system is essential. This may be an obvious point, but in 
reality it is often overlooked. In particular, nurses' needs often seem to be ignored; 
while doctors are often included in any plans, the input of nurses is not considered. An 
exception to this is the successful system at Site A: 
"It was developed by the software people, and two intensive care nurses, which we thought was 
ideal. They demonstrated the system to us with a very thorough knowledge of ICU requirements. 
We felt that that was very helpful. The two nurses had a lot of input into that design. The 
development people and the ICU nurses were employed by the company. " 
(Clinical Sister, Site A) 
It is also important to identify benefits of using the system for primary users. In Site C 
the primary beneficiaries of the system were management, who received more data for 
quality control and resource management. The actual users, nurses and doctors, did not 
gain any benefit in ternis of work processes from using the system, as it replaced only 
one paper chart, and altered a very simple method of data input and output to one that 
was much more complex. This was particularly true for nurses, since they also had to 
mediate between the CIS and the doctors, who refused to use the system. 
An ICU houses many different specialities of clinical staff. The two most 
prominent groups are nurses and doctors, and these groups have very different needs 
and demands relating to patient information. The challenge arrives when these 
differences have to be reconciled for optimal CIS use. In the CIS at Site A, areas for 
both doctor and nursing notes were available, so that nurses could still use the system 
for their own notes, even if the doctors did not use it. In addition, because all patient 
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data was available from the system, including the patient record, all users had to interact 
with the system in order to use patient information. However, at Site C the system 
replaced a charting system that was used by both groups, and so it was much more 
difficult for nurses to use the system without physician input. At Site D the nurses did 
not feel particularly involved in the system, but did feel that they had to get on and use 
it: 
"The other way round say there is something I would like to use but it is not here it is not part of 
the daily life so it would not be possible. So my influence on that part would be very small. You 
have to take what is there and use it I think. " (Nurse, Site D) 
Overall, is seems that nurses are the mainstay of any CIS. If they do not like a system 
they will ignore it as far as possible, as at Site C. However, once they are involved and 
are happy with a system they will use it well, even taking on extra work to make up for 
the fact that doctors try to avoid using the system: 
"Right now the doctors aren't using the computer, only a few of them really know it. " 
(Nurse, Site Q 
I hope they do [use the system] because we have too much to do here. We can't do their typing 
and clicking for them. " (Nurse, Site Q 
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Organisational Environment 
This feature describes the working environment of the CIS, including staffing levels, 
type of work, and resource levels. All three sites were all under-staffed, under-resourced 
and had a high turnover of staff. A shortage of skilled ICU nurses, and low retention 
rates is apparent: 
"We can't get substitutes from other areas of the hospital because the nursing skills are so 
specialised for the ICU. So we have to make do without, i. e., the available nurses have to do 
extra shifts to make up for those who are off. AI nurse to 2 patients ratio is quite common in 
other hospitals. " (Doctor, Site A) 
"We have enormous problems recruiting nurses to the ICU and that is really something. Seeing 
how often nurses are on call I am very sad about that. I think that more and more of the nurses 
are dropping out and doing other things. " (Doctor, Site D) 
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Nurses believed that they were forever teaching new staff, and the high turnover meant 
obtaining passwords was problematic - some nurses commented that obtaining 
passwords took a long time, with staff leaving before they obtained one. Until they had 
a password, other nurses were having to log in for them, which has ethico-legal 
implications, particularly in light of the current culture of litigation: 
"There are a lot of legal problems now, if you sneeze near the patient they immediately want to 
sue you for this, that, and the other. The legal people of this department love it [the CIS], 
because all they have to do is just go in here and print it all out" (Clinical Director, Site A) 
The ICU environment is also seen as being both physically and emotionally 
demanding, as well as being very unpredictable: 
"You have to be an extrovert personality to survive in this environment, as it is both physically 
and emotionally demanding. You have to be able to stand up for yourself 
(Clinical Director, Site A) 
"It is a good mix, sometimes you have too work very fast and sometime it is slow and you have 
time to joke with your colleagues. I like that it is not the same every day. " (Doctor, Site Q 
Planning for patients in an ICU is not possible, as in other hospital departments, since 
the type and severity of patient illness can vary considerably. Clinical staff need to be 
able to react quickly, and time is often at a premium. A CIS that impedes this is 
unwelcome: 
"If it takes too much time to get all the necessary information I would hate it, to have more work 
when we are so busy out there. If it takes more time I will get furious, it is not using the system 
or the computer itself, but not getting the information that we need crucially. " (Doctor, Site Q 
"I think that sometimes it can be a problem when you don't have the time. I hate when I don't 
have the time and I have to hurry and I have to talk with the patient but it isn't good enough. 
Then you lose responsibility to finish anything and are asked to be everywhere. You have more 
problems than you can solve. Of course situations like that are always occurring in this field but 
it is a challenge. I don't like the feeling of not being on top of it. " (Doctor, Site D) 
The information needs of an ICU are also very important; ready access to data 
from a wide variety of sources is essential: 
"Dr X is the man of the EPJ. He has been asked a lot. He has spent a lot of time with the 
manufacturers, programmers and things like that. Okay they have listened to what he says, but 
we have special demands here at the ICU and it's not in the package, so they won't fulfil. " 
(Clinical Director, Site D) 
ICUs are under increasing pressures to perform within budget and to reduce mortality 
rates, yet the type of patient ICUs deal with has changed over time as physiological and 
surgical equipment have advanced. ICUs are now able to treat patients with more severe 
Chapter 6 The Iterative Systems Integration Model -122- 
conditions than in the past, which means that a greater number of this category of 
patient is being admitted. This means that mortality rates are not necessarily reduced, 
despite the improvements in care. A CIS that will further distract and impede patient 
care will not be received positively. 
The issue of where a CIS is placed is also significant. In Site A the CIS was 
procured as part of complete ICU renovation, so the layout was completely changed, 
with a central workstation for clinical staff so that all ICU beds could be observed, as 
well as a terminal at the foot of each bed dedicated to that bed. In Site C the computer 
terminals were placed at the head of the bed, meaning that users had their back to the 
patient when they were interacting with the CIS, and this meant that nurses would tend 
to use the CIS at the end of the shift when the new shift nurse would be able to observe 
the patient, or when another member of clinical staff was present. 
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Manatzement Support 
Two types of management support were identified at the ICU sites, both are very 
important - the direct management of the ICU i. e., a clinical director, and hospital 
management, who control resource allocation. 
Although capital for CIS investment is obtained from hospital-level 
management, it is direct-level leadership that primarily influences CIS use once the 
system has been purchased. At Sites A and D direct leadership was outstanding - the 
clinical directors would go beyond their duties as clinical care providers and take full 
responsibility for the systems in their ICU. However, this should not be expected of 
clinical staff, as the role of project leader is not budgeted for. At these two sites CIS 
projects were considered a team effort, and the leaders would provide as much support 
to staff as they could. Both leaders were committed to, and motivated by, the CIS. 
However, at Site D, resources were a huge problem, and one area in which the clinical 
director could not support his staff, since it was beyond his control. The effects of 
under-investment were visible when considering teaching the CIS to staff - although 
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staff were very motivated and driven by challenges more resources may have enabled 
more satisfactory CIS results. 
At Site C, this responsibility for the CIS was in effect delegated to an ICU 
consultant and three ICU nurses, who did not have the seniority to manage the 
implementation. The decision to implement the system came from higher up the 
management structure, but the actual task of implementing the system and training all 
the users was passed down to the four members of the ICU. In effect, the clinical 
director remained disconnected from the actual support and training that was essential to 
boost staff morale. Furthermore, ICU staff felt they were being forced to use the system 
by senior management, without any of their opinions being taken into account: 
"You have to use it you have to. That's it, if you don't want to use it then you can't stay here, 
that's it. That is a decision they have made. " (Nurse, Site Q 
The extent to which the size of the ICU affects this is unclear. Both Sites A and D had 
dynamic leaders who invested much time and effort into integrating the CIS, but both of 
these ICUs were also small. Whether a small number of people leading from the top 
could have the same effect in a larger ICU remains to be seen. 
At Site A the clinical director took responsibility for the CIS and was the main 
decision maker regarding its procurement: 
I wanted the computer system because I think that paper notes are very space occupying, once 
they are on computer you can download them on to disk, and we have the notes permanently on 
the disk because very often paper notes go missing any way. " (Clinical Director, Site A) 
"They [the doctors) said you're the director if you want it you have it, but I said no, no I want to 
listen to your opinion. They said yes by and large. " (Clinical Director, Site A) 
She also convinced senior management that it was worth the investment: 
"Management first of all were very enthusiastic when I described it to them, then they had cold 
feet and said 'oh, that's a lot more money', but eventually after some minor kafuffles, they said 
'well there is no way you can go on writing all those notes'. We were having a new unit, you 
see, and we were going to buy all the monitors and equipment, and so in the end they did agree 
and suddenly they became all enthusiastic. By and large they are still supportive. " 
(Clinical Director, Site A) 
Finally, she took full responsibility for cascading the training to all users, auditing 
inputs to the system and being available for questions on a 24-hour basis while the 
system was introduced. One thing that they had not foreseen however was the amount 
of time, money and effort required to keep the CIS operational even after the CIS had 
been integrated: 
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"I think one of the biggest things is time, it takes time to maintain, like everything else it has to 
be maintained. You have to take data off it so that you have got space for the next patient 
coming along, so you've got to archive material. You have to check everything every day to 
make sure that it is okay. And that's a time issue that was never budgeted for, we were given 
capital to fund it but there was no revenue, so that's got to be done by us. In retrospect we would 
put a bid in for some body's time to do that. " (Clinical Sister, Site A) 
At Site D, as at Site C, the decision to introduce a CIS was taken by senior 
management, but it was left to the ICU leaders to implement the system. However, the 
Clinical Director was involved in the design of a module of the EPR, although he says 
that the needs of an ICU are not being taken into account: 
"Dr X is the man of the EPJ [Danish EHR]. He has been asked a lot. He has spent a lot of time 
with the manufacturers, programmers and things like that. Okay, they have listened to what he 
says, but we have special demands here at the ICU and it's not in the package, so they won't 
fulfil. " (Clinical Director, Site D) 
These problems are exacerbated by the fact that different suppliers are developing each 
module of the EHR. Therefore when problems occurred, users did not know who could 
help them. Although direct ICU management support was high, no one person had the 
time to provide support: 
"The IT support group is not very good. We have a number we can call but no one answers it. 
There is lack of ownership of responsibility; clinicians do not know who they may approach. " 
(Clinical Director, Site D) 
The unit also had problems with senior management, who did not support them in the 
development and implementation of the system: 
"One could say that economical resources are very scarce to do these things. So you have to take 
time to do these developments and take the resources from patient care. I don't think the 
management is that supportive in that manner. They have, I must admit, made some allowances 
that introducing the EPR could mean that our production goes down in a period. " (Clinical 
Director, Site D) 
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Group Attitude 
Group attitude concerns the attitude of individuals within the ICU towards CIS, as well 
as the group attitude that emerges from this. In all sites, a tug of war between nurses and 
Chapter 6 The Iterative Systems Integration Model -125- 
doctors was evident. This is where strong leadership can make a huge difference. At all 
sites, nurses were the predominant users of the system, yet it was designed for doctors 
and nurses, as well as other healthcare professionals. This created tension amongst 
nurses, as they felt that doctors should use the system too: 
"We can't do their typing and clicking for them. " (Nurse, Site Q 
At Site A the clinical director made a point of following up those users, particularly 
doctors, who made sparse or no notes in the CIS. The nurses knew this and although 
they knew that this attitude change would take time, they also knew that the clinical 
director was supporting them, even though the problem was significant: 
"If you had a consultant who came up here now, a consultant in medicine, a lot of them don't 
record what they should in the system. That's unfair, some do, but a vast majority of them don't 
and won't. They will just write it in their medical notes. Really it should all be entered into the 
computer system. We do our best and ask them to but they just say 'no I won't'. " 
(Nurse, Site A) 
At Site C this was not evident. Doctors felt that writing notes by hand was not 
something that they had to learn, and so it was less time-consuming compared to using 
the electronic CIS. They constantly referred to lack of time as a reason for not using 
CIS; this is further illustrated by the fact that many did not even turn up to training 
sessions: 
"It is different from doctor to doctor. I think in the beginning they didn't take any notice of it, all 
the nurses have been on the training for three hours. All the doctors were invited too but no more 
than half turned up. But they have to learn it now because it is the only way to get information 
now. Some of them, are positive but there are many who are not. " (Nurse, Site Q 
Doctors are short of time; they have to manage many patients compared to nurses who 
mostly look after one. 
Users that do not use the system can discourage those who do want to use it, as 
they have to correct colleague's inputs, and input data for those who would not use the 
system: 
"If I have to finish notes for lazy staff, if I have to log in and out, it all takes a long time. " 
(Nurse, Site Q 
By engaging those members of the ICU that are respected by others, they can act as 
delegates, rather than send negative signals about the system if they do not like it. In 
general, if the nurses can be encouraged to use the system, the likelihood of successftil 
integration is much increased. This happened at Site A: 
"The nurses here are very keen, they will say loh, okay, we'll give it a go'. " 
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(Clinical Director, Site A) 
This is not to say that all nurses are positive about a new CIS. For example, at Site A, 
one nurse in particular was able to control how others used the CIS when it was first 
implemented. This nurse was in a position of authority and was very technophobic, and 
did not trust the computer system: 
"It took us a long time to get it up and running because the staff sister then was very frightened 
of it, while opening her mouth and saying what a good idea, inside she was very frightened and 
she made them write paper notes all the time. These big sheets in which they wrote down all the 
pulses all the blood pressures, in case this didn't record it on to it. " (Clinical Director, Site A) 
Others were willing to try the system, even though they believed that they would not 
like it: 
"I remember one of them said well I will use it as long as you want me to but I have to warn you 
that I am going to have all these post-it notes stuck all over the monitor... I don't know if she 
still does but she did have a lot of post-it notes. She couldn't stand not having paper. " 
(Clinical Director, Site A) 
"I will do my work as before. But I don't know if I will be able to do things as fast if I can't find 
the information. " (Nurse, Site Q 
Common to all sites was the preference for verbal communication despite the fact that 
the CIS contained all the information that they could need, especially in the shift 
handover meetings: 
"Sometimes it's just pure laziness, people ask you what you think, what have you done about 
that. There are a lot of things that we communicate verbally. But generally speaking you could 
get just about everything out of the CIS. " (Nurse, Site A) 
Sites A and D both had a positive attitude towards new ways of working and 
experimentation; at Site D they wanted their ICU to be the best in the county. These 
sites were also less bureaucratic than Site C in terms of relating to other staff. Sites A 
and D were much less fori-nal. Again this could be related to the fact that these sites 
were much smaller and hence less complicated to manage, with everybody knowing 
everybody else: 
"If you want to go for something then they say just go for it. It is more like a family department. 
It is a good atmosphere. " (Nurse, Site D) 
This friendly environment has the benefit that those struggling have plenty of people to 
turn to for help, and that help is readily given. This means that cascading learning 
through the ICU is a practical proposition: 
"It is allowed to ask and always to say I can't manage this and nobody will look down on you if 
you ask for help. There will always be help. " (Nurse, Site D) 
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Expectations 
The differing expectations of different groups of users can also radically affect CIS 
integration. These expectations can be concerned with what the system will provide and 
how much effort will be involved in achieving those benefits. Of Particular importance 
for CIS integration is a balance between user expectations and management 
expectations. This was seen at site C, where hospital management introduced the system 
so that they could make better use of collected data; the users saw themselves as a tool 
for inputting the data. Nurses and doctors could not see the benefit as it only replaced a 
single paper chart, and increased the size of the paper patient records two-fold due to 
printouts, significantly increasing the time taken to gain an overview of patient status. 
Staff could therefore not perceive how it could possibly benefit them. All they 
saw was the parallel entry, which was increasing their workload, rather than decreasing 
it. Doctors tried to avoid using it, and relied on the nurses for their information. The 
patient record doubled in size due to all the printouts that they now needed to gain the 
same overview they previously attained from one sheet of paper. 
At Site A nearly all of those interviewed believed that the CIS was much better 
than their expectations, finding the system both effective and easy to use: 
"I think that my expectations were less than I've got. I was heavily surprised... I was extremely 
pleased with it. I'm still extremely pleased with it and I think it works for us. It is beginning to 
work better for us than I hoped. " (Nurse, Site A) 
Users at Site C expected the CIS to integrate all the patient information in the ICU and 
to save time, but this did not happen; these expectations were unrealistic as the primary 
purpose of the system was to facilitate management decisions. Site D was still waiting 
to implement the EHR, and they had very positive expectations of the system, such as 
improved data quality, better archiving, no longer having missing notes, and having all 
patient information accessible via one system: 
"I think it could improve the quality of the data being at hand for the people who are making 
decisions and not as now. Decision-makers are often without the correct data for these decisions. 
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It could help that. It could remove the problem about the journal [patient record] not being 
beside the patient. " (Doctor, Site D) 
"I think it is the future and I don't think we can go out from that. We need to have possibility to 
look through data and compare it. That is very difficult to do when you use paper work. But 
when you have a computer to do a lot of the work for you then, you can use it. But from now, 
maybe two three years from now we will have a use from it. " (Nurse, Site D) 
However, they also had some negative expectations: 
"I think computers are a necessary and obvious step but I of course have the concern, I get the 
impression, many shared concerns about reliability and the stableness and the speed of the 
system. Everything depends on that the computer system works and that everything is available 
on the system and that is a reliable system so we don't find ourselves missing data because the 
system is down. That in many senses would be simply unacceptable. " (Doctor, Site D) 
"I think you might lose time with the patient because you are going to sit by the computer to 
input the information. It is a problem. So you have to be careful not to lose the contact with the 
patient. " (Doctor, Site D) 
Training and Education - User Knowledge and Experience - Users - 
Organisational Environment - Management Support - Group Attitude - Expectations 
- CIS Integration History 
Figure 6.16: A map of the Organisational Culture factors to guide the reader. 
CIS InteRration History 
This factor concerns past CIS implementations, and the effect that this has on current 
implementations. It is related to the User Knowledge and Experience factor discussed 
earlier. In essence, it seems obvious that where users have been involved in successful 
CIS implementations, they will be well disposed towards new systems, while where 
their experience has been negative, their expectations of any new system will also be 
negative, and so they will resist change. However, users may also resist change if they 
see their current system as adequate, believing that 'if it isn't broken, don't fix it', 
At Site D the Clinical Director had been involved in an EPR project previously. 
The aim was to integrate all patient information so that it could be accessed from one 
system. However, that was almost a decade ago and the project was considered as over- 
ambitious and unrealistic by hospital management, so that research was conducted with 
minimal resources, and the project was eventually abandoned. The Danish Ministry of 
Health are now advocating the development of EHRs across Denmark, but the clinical 
director can see similar problems emerging, because there is not much investment for 
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implementation, CIS maintenance and user support. In Section 7.2 the validation of 
ISIM in Site B provided much more evidence for this factor. 
6.2.3 Actual Usefulness Factors 
As for Organisational Culture, each Actual Usefulness factor identified in Figure 6.2 is 
defined and discussed in terms of the three ICU Sites, A, C, and D. Actual Usefulness is 
the actual benefit of the CIS to clinical staff when it is in use. This will change over 
several iterations of ISIM, as when the system is first introduced it is novel, requiring 
more effort on the part of users, and while the old and new systems are operating in 
parallel, the full benefits of the system will not be seen. However, for a successful CIS 
integration, the old system will be phased out over time, and users will become more 
proficient at using the new system, provided the Organisational Culture factors 
discussed in Section 6.2.2 are given consideration. 
Actual Usefulness examines what advantages and disadvantages arise from 
using the CIS, and how the actual experience of using the system differs from user 
expectations, as identified in the Organisational Culture category, where it was seen that 
the CIS at Site A had exceeded user expectations. Actual Usefulness enables the 
analysis of CIS use in practice. 
It was found that factors for Actual Usefulness are functions of both the user and 
the system. For example, the speed of using a system is dependent upon user knowledge 
of the system, and typing skills, as well as systeni functionality. Quality of a system is 
dependent upon the quality of user input, and the functional quality of the system to be 
able to cope with the data. 
The features within this category are very broad, i. e., there may be many levels of 
quality depending upon context. The factors also inform each other, as well as 
information input and output, the system, the user, and the Organisational Culture. The 
Actual Useftilness factors identified were: system suitability, quality, reliability, 
flexibility, speed, user friendliness, relevance to job, and system support. Before 
discussing each factor a map of Actual Usefulness factors is given in Figure 6.17, to 
guide the reader. The bold factor in Figure 6.17 is the factor of discussion. 
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System Suitability - Human Computer Interaction Factors - 
Relevance to Job - System Support 
Figure 6.17: A map of the Actual Usefulness factors to guide the reader. 
Svstem Suitability 
This factor is concerned with how well the CIS procured matches user requirements in 
practise. Although this factor may be assessed before implementation to obtain an 
understanding of the Actual Usefulness of current CIS, the full evaluation of this factor 
for new CIS can only be conducted once the CIS is implemented, and will change 
during CIS integration. 
The majority of clinical staff at Site A were pleased with the CIS that they used, 
and it exceeded user expectations. It proved to be of much value in practise, as all 
patient information was collated and accessible from one CIS. Users were also able to 
see the actual (as opposed to the purported) benefits of the system - it saved time, and 
directed attention to where it is most needed: 
"It all shows up in colour so you can walk down this ward and without going anywhere near the 
bed you can say oh that ones looking a bit blue or I had better go to that bed first. It's got lots of 
quick things and it's got lots of links, it's a bit like a filofax. So you can look at investigations 
and there are links that take you somewhere else. You can cross reference, look back at the 
previous hundred days or one day, you can expand your records. " (Doctor, Site A) 
Both management and clinical staff found the system to be of benefit. The fact that the 
CIS was continuously evolving meant that changing user needs could be considered and 
the CIS adapted to reflect this. Much of this was due to the long procurement process, 
where the clinical director conducted much research, before a CIS that fulfilled 
requirements was procured. It was clear that much thought had been given to these 
requirements, so that the clinical director knew exactly what she wanted, rather than the 
system being pushed onto organisations by suppliers. 
At Site C the CIS was procured on a recommendation from a Danish survey to 
senior management, without involving ICU staff. The survey that recommended the 
system was actually performed in 1999, three years before the system was purchased. 
The Clinical Director felt that it was the best system for the specific needs of 
management, i. e., for quality and resource management: 
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"Well the reason we needed it was a question of quality control and second to have a tool for 
computer decision making, are we using the right things for the right patients and so on and so 
forth. " (Clinical Director, Site C) 
In addition, the Clinical Director did not consider evaluating the system, or observing it 
in use elsewhere: 
I would say that the procedure, buying a PDM system, actually you don't know what you are 
buying. " (Clinical Director, Site C) 
The system was not ideal, as even experienced users found that it did not work 
perfectly: 
I think it is good, but I have worked with it for a long time and I know all the details. Some 
things it doesn't work quite good, but most of the things are good. " (Nurse (trainer), Site C) 
Other users were concerned about not being able to adjust to using it: 
"A few times I have tried but it is very difficult for me to get one view in a short time. So I am 
worried. " (Doctor, Site C) 
At Site D the clinical director was involved with the development of one of the EHR 
modules. However, he felt that this module did not consider ICU needs. The co-clinical 
director also commented that ICU needs are not being captured in the EHR, which is 
focusing more on general parts of the hospital: 
"Now we start the EPJ [EHR] it should be used on all the wards on all departments but we have 
special demands to make it work in our department. The first round, they won't fulfil it, that's 
okay, that's a choice I can see that if you see the good things in others it is more easier to work 
with but it give out a problem and 1 don't see a solution in the near future. For other departments 
and wards but we have special demands, they are not fulfilled. " (Clinical Director, Site D) 
The CIS at Site A downloaded data from monitors automatically, and provided graphs 
on large monitors displaying the data clearly; this facility was not available at Site C. At 
Site A, although nursing observations were input into the CIS on an hourly basis, 
nursing and doctor notes were occasionally completed at the end of a shift, creating a 
backlog of people wanting to use the computer at the nurses' workstation: 
"Sometimes three people write and they say 'come on, come on'. It's not a great problem I don't 
think. It depends if you come at the end of the nurses shift, at the end of the nurses shift they 
want to put a whole lot in, things that they may not have put in during the working day, they 
want to add in at the end. " (Clinical Director, Site A) 
Compared to Sites C and D the overview of patient data at Site A was much better, and 
the system was much more user-friendly. When asked why they had not purchased the 
same system as Site C, one of the CIS leaders replied: 
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"[The Site C system] was not what we wanted, it was too complicated to use and did not 
computerise everything that we wanted" (Clinical director, Site A). 
On introducing a new CIS, it will be compared with the previous system, and users 
accept it if the new CIS produces an improvement over the previous system. In general, 
the previous system will be the generic paper system that has been used for many years. 
The paper CIS can therefore be considered as a gold standard; it is a challenging task to 
find a suitable CIS that improves upon this without requiring too much effort for users 
to learn it. 
System Suita i ty - Human Computer Interaction Factors - 
Relevance to Job - System Support 
Figure 6.17: A map of the Actual Usefulness factors to guide the reader. 
Human Computer Interaction Factor 
The Human Computer Interaction factors of quality, reliability, speed, flexibility, and 
user-friendliness were identified as important factors for CIS integration. The quality of 
the CIS can be evaluated in terms of the quality of the data within it, data downloaded 
directly from monitoring equipment (Site A) and data typed into the system, such as the 
Patient Record. Site A was able to comment on this aspect, as their CIS stored both data 
downloaded from monitoring equipment and that input by users, with the automatic 
recording of data being found particularly useftil: 
"The quality and accuracy have definitely changed. We are collecting data every minute. They 
don't forget things like they used to because there is more structure" (Nurse, Site A) 
The fact that the system prompts staff for various sorts of information that were not all 
previously recorded was also found to be usefiil: 
"Pain scoring used to get missed but it is in front of them, so theyjust do it. " (Nurse, Site A) 
Users at all sites felt that the quality of 'hard' data downloaded directly from monitoring 
and physiological equipment was more accurate, despite the initial scepticism from a 
nurse at Site A: 
"These big sheets in which they wrote down all the pulses all the blood pressures, in case the 
system didn't record it on to it. That was just totally mad, because it just automatically takes it 
down from the monitors and she managed to convince the administrators that this was the right 
thing to do. And they wanted to do backtrack and check that those blood pressures written down 
in the nurse's notes matched the ones in the system. Well of course they did, they copied them 
off the monitors. That went on for months, " (Clinical Director, Site A) 
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Automatic fluid balance calculations were much appreciated, removing the need for 
mental arithmetic and also eliminating errors, as these calculations were usually 
conducted at the end of a shift when clinical staff can be particularly exhausted. 
However, it was agreed that an electronic CIS could not do much for the quality 
of the subjective data: 'the infon-nation is only as good as the person inputting the data': 
"You write a pack of lies here then it's a pack of lies, you could write a pack of lies in written 
notes. It's immutable. It is reliable and we haven't had any such problems with it. " 
(Doctor, Site A) 
"I think the quality is better now, it is more visible it is less misinformation than when you write. 
It is electronic and more correct, you can do less things wrong. " (Nurse, Site Q 
"You could say that the quality of the data in the journal is mostly dependent on the input and so 
it depends upon how it is input into the journal. " (Doctor, Site D) 
"It varies but most of the time it is nothing to do with the system it has to do with the person who 
entered the information. " (Doctor, Site D) 
The technical reliability of the CIS was not thought to be a particular issue at Site A, 
where they did not have many problems with this, and a strong relationship with 
suppliers meant that any problems were swiftly resolved. The same was not true of Sites 
C and D, where users were very aware of the problems: 
"Well we have had a lot of technical problems. There was a technician yesterday and there is 
another one coming today because he wants to do something and they shut it down for 2-3 
hours. " (Nurse, Site Q 
I prefer computer if the data is there and the system functions. A lot of the time we have 
problems with the functionality of the system, not the software but the hardware. You can't turn 
on the computer, main problem. " (Nurse, Site D) 
"No I think it is much easier to write in paper. The problem with the computer is that some 
programs don't work or it takes a long time to log in and it doesn't function. " (Nurse, Site D) 
Problems regarding reliability of paper are also identified, i. e., the fact that it can be 
misplaced: 
"Paper has its ups and downs. It is a stable and reliable fonnat as long as the journal can be 
retrieved. " (Doctor, Site D) 
Nor did users at Site A consider the computational speed of the system to be a problem, 
as their dedicated network was sufficient for their needs. However, the same was not 
necessarily true of time taken to interact with the system: 
"It takes a lot of time, especially for paper. I'm not that good at typing so it takes a lot of time for 
me. It takes me more time typing then looking at the patient. " (Doctor, Site A) 
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At Site D speed of access to data was highlighted as being important, together with ease 
of access: 
"If it improved my access to data, and it was a quick and accurate access to data, then I would 
probably use it more. " (Doctor, Site D) 
However, this may be due to the fact that users found their system too slow: 
"Staff think that the module is very slow and difficult. Many of them think that they won't be 
able to learn it and that it is too slow for them. " (Nurse, Site D) 
Again, at Site C they believe that speed of access was important, and were not 
convinced that an electronic CIS would facilitate their work: 
"If it takes too much time to get all the necessary information I would hate it, to have more work 
when we are so busy out there. If it takes more time I will get furious, it is not using the system 
or the computer itself, but not getting the information that we need crucially. " (Doctor, Site Q 
"I will do my work as before. But I don't know if I will be able to do things as fast if I can't find 
the information. " (Nurse, Site Q 
The flexibility of a system examines how well the system can adapt to the needs of a 
multitude of users, how easy it is to change the system, and how well the system can be 
accessed from different places. The system at Site A had separate areas for nurses and 
doctors, making it flexible in that respect, and the strong relationship with suppliers 
implied that the second aspect was also strong: 
"It's very easy. You just go to the observation page and add the function you want to come up at 
any time you want. You can manipulate the system to dowhat you want. " (Nurse, Site A) 
"Well usually it is them telling us that we would like this and that so we ring them and say can 
we have blah de blah de blah and the system people will say fine it might take on or two days. " 
(Doctor, Site A) 
This was not seen to be a particular issue at the other sites, where the CIS was still in 
the process of implementation. However, the fact that paper records could be 
transported and completed anywhere was commented upon at Site C, although this can 
also result in paper records being misplaced. 
The final aspect of Human Computer Interaction factors identified in this thesis 
is user-friendliness, which examines how quickly people can get to grips with the 
system and become proficient in using it, together with how easy it is to use. This was 
again felt to be a very strong feature of the CIS at Site A: 
"We selected this particular system because it was very user-friendly, immediately user-friendly 
and you could see that people could begin to use it with very little training. You just needed to 
know how to use a mouse and a keyboard and you could do it. The front screen was very nice it 
was very easy to read, there was development potential in it and the content of the software was 
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what we felt we needed for out patients for information gathering. We liked the layout of the 
database as well; the actual ease at which you could find information was particularly nice. " 
(Nurse, Site A) 
Unfortunately, the same -was not true of Site C, where users believed it was difficult to 
input data and to read it, and they were afraid of losing the patient focus: 
I have to scroll and scroll to get my information and I always have to explain. " (Nurse, Site Q 
System Suitability - Human Computer Interaction Factors - 
Relevance to Job - System Support 
Figure 6.17: A map of the Actual Usefulness factors to guide the reader. 
Relevance to Job 
This factor is concerned with how well the CIS matches user work requirements, that is, 
whether it facilitates work processes, or requires users to work around the system. For 
example, at Site A, the CIS would remind nurses to input observations every hour, a 
feature impossible in a paper CIS: 
"They don't do a great deal of writing on it, and of course it reminds them, particularly in their 
observations. If it is time for the nurse to go and enter their observations then this is the reminder 
line. If they sent off blood investigations and the machine said it's about time you picked up the 
results the yellow line starts flashing and they will go and look. So there are lots of nice things". 
(Clinical Director, Site A) 
The system also performs calculations, relieving nursing staff from this task and 
improving accuracy. Nurses found that they no longer had to worry about losing the 
patient record or the different paper charts, as they were collated in one system, and 
could not be moved away from the patient, although they could also be accessed at the 
central computers. In addition, relevant information could be found more quickly than 
with a paper record: 
"It does make life easier. You can check what drugs a person has had and how it is to be given if 
you are not sure. In that case it works very well". (Nurse, Site A) 
Those nurses who had been away from the ICU for a long period of time felt that the 
CIS gave them a good summary of the patients in a relatively short space of time. 
At Site C the system replaced a single paper observation chart. However, it 
made the work processes much more difficult, because a holistic view of patient data 
was replaced with fragments of information across several screens. It took longer to 
input data, take data out, and to assimilate it, as the complete picture had been lost. 
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"I don't want to say. It is difficult. I know the computer should be better. I know that, but I liked 
to have all the information together. I miss the overview. " (Nurse, Site Q 
System Suitability - Human Computer Interaction Factors - 
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Figure 6.17: A map of the Actual Usefulness factors to guide the reader. 
System Support 
This factor was separated into two parts: hospital-level technical support and support 
from suppliers. The related area of management support has already been discussed. 
At Site A technical support was mostly the responsibility of the supplier, who 
had provided 24 hour support since the CIS was first implemented, and continue to 
maintain a strong relationship with the ICU. A modem link connected the hospital 
directly to the suppliers, so that immediate communication was possible. Any upgrades 
are given free to Site A, in exchange for the site allowing potential buyers to view the 
system in operation. So far, Site A has had visitors from all over Europe. 
"Site A approached us about a CIS. They worked together to tailor a system that met their 
requirements. Even now, if they want changes they will tell us what they want. " (System 
Supplier, Site A) 
"Very helpful. The software people are very helpful and the service people are very helpful. " 
(Clinical Sister, Site A) 
Non-technical problems were resolved via the clinical director and the clinical sister, 
who took responsibility for the system. The system has survived because it has changed 
continuously to meet the needs of its users; users and suppliers worked towards a 
mutual interest, with the clinical director and clinical sister acting as mediators between 
all users and the suppliers as well as helping with any problems with the system: 
"Oh, we don't get involved with that. We have a designated person. I think doctor Y usually 
takes care of all that. Between sister X and doctor Y they sort out all the glitches and pains. " 
(Nurse, Site A) 
"Doctor Y still does a lot of work on it. We need input all the time from somebody like that, if 
we didn't have somebody like that with input, keep the drugs updated, all the information 
correct, chase the junior doctors a bit and make sure they do the notes, the system would start to 
fall apart. It does need enthusiastic motivated people to keep it going. " (Nurse, Site A) 
The systems used at Site C and D came from a wide variety of suppliers, this may 
become even more of a problem when the full EHR is implemented, as it was being 
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developed and implemented by six different suppliers, all working independently from 
each other. Problems of multiple suppliers are exemplified in Site D, where two of the 
EHR modules were being tested. The modules were developed by different companies, 
and many problems were encountered with enabling the modules to communicate with 
each other, and also in attaining an adequate level of support to enable them to test the 
modules fairly: 
"They have been involved in the process of development, because most of the things we can't 
do, so they have been in the process all the time. Not sufficient to our needs, but they have are 
been there, and are still there. " (Doctor, Site Q 
The problem of implementing disparate systems that are not compatible with each other 
heightens the burden on work processes and makes it difficult to balance existing and 
emerging work processes. Concerns about being locked-in by suppliers were also 
expressed. Suppliers need to build inter-operable systems; this is a complicated 
problem that requires common inter-operability software standards, and common 
hardware components. 
With regard to the support from within the unit, at Site C it was felt that there 
was not enough help available, and that they were limited because they were not 
involved in system development, so they could not ask the suppliers to make major 
changes to the system: 
"The super users are okay. They will tell you, but Usually there is only one. Sometimes they tell 
you that it won't work, or if you want it to do something they will say it is not going to happen. 
That is frustrating. " (Nurse, Site Q 
"They usually come and tell it to me. Some things the smaller things I can do it right away. 
Some things are bigger, maybe we have to ask the manufacturer to make a change for the next 
program. I think so. I know I can call the software company when I need it but not all the 
problems they can handle. There is not everything that we would want to change that is possible 
to do. " (Nurse, Site Q 
The same is true at Site D, where the time taken to get a response from the helpdesk was 
seen to be inadequate, and the fact that this would get worse as more and more of the 
CIS were moved onto the computer was highlighted: 
"We have a department that takes care of it. But if it takes an hour or five hours then in ICU that 
is a big problem, especially when the total journal [patient record] is on the computer. " (Nurse, 
Site D) 
Finally, the fact that all CIS are only there to facilitate patient care, and that all CIS 
therefore have to be reliable was further reiterated: 
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"Of course if the equipment breaks down your attention has to be on the patient. " 
(Doctor, Site D) 
6.2.4 CIS Integration 
When introducing a new CIS, the ideal aim is to have a fully integrated CIS that is used 
effectively by all users. The extent to which this is true depends upon the changes to 
work processes, the Organisational Culture, and the Actual Useftilness of the CIS. ISIM 
identifies many features that affect the likelihood of the CIS being integrated into the 
ICU, or ignored. However, it is during the transition process that ISIM may be 
particularly useful. In general, a CIS will go through several iterations towards eventual 
acceptance or rejection. 
For example, when the new CIS is first introduced, it will generally be used in 
parallel with the old system. This means increased workload for all users - not only are 
they having to get used to a new system, and to be trained in the use of that system, but 
in addition, they are still having to use the old system: 
"For a while we were using half the computerised system and half the paper system, which was quite 
frustrating. But once we moved over .... it's been quite a smooth transition. Because we were using 
half and half once we moved over we accepted that we weren't doing everything twice, which made 
quite a difference". (Clinical Sister, Site A) 
"I didn't like working with the paper and the PDM. It was too much. " (Nurse, Site C) 
At this stage it seems that strong leadership within the group is important to encourage 
people to persevere with the new system and to ensure that users are getting it right. 
This can be achieved, but it takes time:, 
"The first thing that we did was we checked everything very thoroughly because it is clinical 
information. We wanted to make sure that whatever information we had on the computer was 
retrievable, so we had to go through every little bit to make sure we could retrieve every bit of 
information the day after the week after three months after etc. etc. So we had to do that first and 
then we did lots of training and we withdrew one chart at a time. So we started off with really 
simple things, so for quite a long time all the nurses were doing written observations and the 
stuff on the computer. Once they started to see the charts disappear they accepted it. All the time 
they were doing two lots of work it was really horrid to get them to accept it. But once we started 
taking paper work away they accepted it quite readily. There were very few people who had 
problems with it, very few. The new staff that arrived who never used paper work just got on 
with it and had no trouble with it at all. " (Clinical Sister, Site A) 
While the system is implemented, users start to want to do more with it, and it is 
important that leadership is strong and reliable, to facilitate users when they need help. 
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This is more likely in cases like Site A, where there are strong links with suppliers, and 
so changes to the system are relatively easy to achieve. However, even in Site A 
problems are still evident, since communicating with other hospital departments is 
conducted via paper: 
"I'd like the blood results from the lab to be directly linked into it as well. I think there is a plan 
for it to be in the loop, but it is not there at the moment. " (Nurse, Site A) 
The timescale for CIS integration is also important. While parallel 
implementation is taking place, the workload of the users is significantly increased, 
which is unpopular, and the staff may just ignore the computer CIS, as in Site C. 
However, once the paper system has been phased out, it may still take a long duration of 
time before the CIS is considered to be fully implemented, when all users are using the 
system effectively: 
"I think if I look at the staff and the introduction, I think it will take the nurses and the doctors a 
lot of time all the time they use now. But if I look ten years from now it will be easier, a lot 
easier. I think they will be happier to use that. But today they see it as making them work more. " 
(Nurse, Site D) 
6.3 Summary and Conclusions 
This chapter has described the heart of this thesis, the Iterative Systems Integration 
Model, ISIM. The model was derived using observations and interview data collected 
from three ICUs, two in Denmark and one in England. ISIM was described and then 
each of the four categories of ISIM, Work Processes, Organisational Culture, Actual 
Useftilness, and CIS Integration were'defined. The formulation of ISIM in terms of 
Grounded Theory was also discussed. Hypothetical applications of ISIM were 
presented, to clarify how and when it may be applied. 
Role Activity Diagrams were utilised to illustrate and describe a set of 
information intensive work processes at the three ICUs. These processes were: nursing 
meetings and the nursing shift handover, doctors meetings and shift handover, patient 
preparation for doctor's rounds, and the doctors rounds. It was found that these 
processes were virtually identical at each site, regardless of country. However, they 
differed at the information processing level, which were summarised in tables, so that 
comparisons across the three ICUs could be clearly seen. 
It was found that clinical staff are heavily dependent upon patient information, 
and yet accessibility of this information is not always easy, and is often hindered by the 
Chapter 6 The Iterative Systems Integration Model -140- 
wide variety of disparate systems, both internal and external to the ICU, which can 
delay decision-making, and hence impact patient outcomes. The notion of seamless CIS 
was introduced as a means of uniting disparate systems in the ICUs. 
Finally, each factor of the Organisational Culture and Actual Usefulness 
categories were presented in a discussion comparing these factors across the three sites. 
It was found that: 
In Site A it took nine months to integrate the system to a standard where it was being 
used. Links with suppliers were strong, as was leadership, which meant that the CIS 
itself was continually evolving with the environment, i. e., users would report their 
actual experience with the system to the Clinical Director, who would ask the suppliers 
to make changes to the CIS, so that the system was better integrated. However, because 
their Organisational Culture was such that it embraced the technology, the fact that the 
CIS was not networked to the rest of the hospital was a cause of unrest. 
At Site Ca new system for better management of data quality and resources was 
implemented. This CIS only replaced the patient observation chart, and was 
implemented for management benefit only, and users were not consulted in its 
implementation. This caused much frustration as it complicated their current work 
processes, since it replaced one sheet of paper with many printouts, increasing the size 
of the patient record two-fold. Users also felt that they lost the ability to assimilate 
information and attain a rapid overview, which the paper chart enabled and the CIS 
hindered, as data were spread across many screens. As well as initial apprehension, 
users could not realise the benefit of the CIS to them., and the actual usefulness of the 
system did not ease their perceived apprehension of it. Nurses were tired of using the 
system on behalf of physicians as well as for their own purposes. 
Site D experienced many problems with their suppliers and project managers. A doctor 
stated that ICU needs are very different to other areas of a hospital, and that those needs 
were not met. Despite user involvement in the development of the EHR, those involved 
felt that their needs were not being addressed because the developers had no idea what 
these needs were. 
Talking to clinical staff and examining the organisational environment in which 
a system is implemented, over a period of time, should be a prerequisite to systems 
developments. Simply reading specifications and talking to a few members of 
management leaves a huge gap between what is desired and the system that is delivered. 
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Moreover, 'ancient' problems of CIS integration, as discussed in the literature review 
(Chapter 2), were still found to be dominant at these ICUs. Some of the causal factors 
identified from these sites are given below: 
" Inadequate understanding of current work processes (Sites C and D). 
" Poor leadership and lack of ownership and responsibility for CIS implementations (Site 
C). 
" Inadequate and inappropriate training (Site Q. 
" Unconsidered context of the organisational environment and the structure and layout of 
the organisation (Sites C and D). 
" No way of communicating with existing systems (Sites A, B, and Q. 
" No potential for change and adaptation so that the system can be altered to suit the 
characteristics of the organisation. (Sites C and D). 
" Poor system suitability (Site Q. 
" Unclear 'actual' benefit of the system to the user (Site Q. 
" Weak relationship with suppliers (Sites C and D). 
The next chapter provides a validation of ISIM using a fourth independent site and 
questionnaire data, and discusses the model in terms of the Technology Acceptance 
Models (TAM and TAM 2). 
Chapter 7 
Evaluation of ISIM 
The aim of this chapter is to present an evaluation of ISIM, the model 
developed in this thesis. This is conducted using a fourth ICU site and by examining the 
results of questionnaires undertaken at all four sites. None of this data was used in the 
development of the model. The relationship between ISIM and the Technology 
Acceptance Model (TAM) and its successor (TAM 2) are also discussed. 
7.1 Introduction 
Section 7.2, and Section 7.3 are concerned with validating ISIM, the model 
introduced in Chapter 6 through consideration of data collected in three ICUs. Section 
7.2 validates the results of the model by considering data collected in the fourth site, 
Site B, the second English site. Following this, Section 7.3 considers the results of a 
questionnaire undertaken in all four sites. In Section 7.4, ISIM is compared to TAM and 
TAM 2, as some concepts in ISIM and the earlier models appear to be similar. 
7.2 Validation of ISIM - Site B 
Data collection and analysis methods employed at Sites A, C, and D were 
replicated at Site B, with data collection being conducted after ISIM had been created, 
so that it was a fully independent validation. A report of the findings was given to each 
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site so that participants could provide feedback. Some of the comments received by 
email are given in Section 8.2.5. 
Site B was selected prior to data collection at all sites, rather than selecting a site 
after the model had been developed so that the results would fit the model. The results 
at this site were arrived at independently from the other sites and from ISIM 
development. 
The results and discussion of the findings at Site B are given in a similar 
structure to that presented in Section 6.2, although the individual Organisational Culture 
and Actual Usefulness factors are not discussed separately, as in Chapter 6, but 
presented as a discussion since this is more appropriate for a single site. 
Work Processes are discussed in Section 7.2.1, and then each factor of the 
Organisational Culture (Section 7.2.2) and Actual Usefulness (Section 7.2.3) categories 
of ISIM are discussed, finishing with the CIS integration category (Section 7.2.4) and a 
summary and conclusions of the validation. 
7.2.1 Work Processes 
On analysing the work process data, it was again apparent that the clinical work 
processes remained identical, but the patient information processes differed. It could be 
seen from the RADs that the information processes had the potential to become much 
simplified with the introduction of seamless CIS, thus creating 'simplified complexity' 
i. e., systems connected hosPital-wide could eliminate patient data duplication and 
enable immediate access to patient information (this is discussed in more detail in 
Section 6.2.1. 
Since the RADs have already been given in Section 6.2.1, they will not be repeated 
here. However, the tables comparing Sites A, C, and D are reproduced with Site B being 
added to facilitate comparisons. The basic work processes of Admit, Care, and 
Discharge, as given in Figure 6.5, structure the presentation of the validation. 
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Admit Patient to ICU: 
Table 7.1 describes briefly, the infon-nation process of patient registration. 
Table 7.1: Patient registration at each Site. 
I Registration Process 
Patient details are sent with the patient. Details are given on printouts from the hospital A information system and various registration forms. These details are then retyped into 
the ICU CIS. 
B All registration is handled via the hospital infon-nation system, and dealt with on paper 
registration forms in the ICU 
C Registration is handled by the ICU secretaries via the Green System, which was 
described in Section 3.3. Secretaries organise all patient data. 
] 
D Registration is handled by the ICU secretaries via the Green System, which was 
described in Section 3.3. Secretaries organise all Datient data. 
Care of Patient in the ICU - Site B 
Nursing Meetings 
Similar process to Sites A, C, and D were observed. 
Nursing Shift Handover 
Similar process to Sites A, C, and D were observed. 
Doctors' Meetings and Shift Handovers 
Although nursing meetings and shift handovers were very similar at all sites, doctors' 
meetings differed between the Danish and the English sites. Neither English site had 
formal morning meetings as described for the Danish ICUs in Chapter 6. 
Patient Preparation for Doctors Rounds 
This was similar to the other sites (see Table 7.2). 
Doctors' Ward R6unds 
The work processes at Site B were virtually identical to those at Site A, except for the 
infonnation processes (see Table 7.2). However, as Site B was a university hospital it 
also meant that junior doctors accompanied the consultant and doctors on ward rounds. 
Junior doctors are assigned a patient after a briefing round of all the patients, and would 
convene at the end of the IPE to discuss the treatment plan with the consultant. This 
process varied between consultants, with some simply assigning patients at the 
beginning, eliminating the briefing round. 
An interesting observation is that consultants did not necessarily sit down and 
discuss the patient with the nurse tending the patient, as was noted at Sites A, C, and D. 
Instead, they spoke only of things they deemed noteworthy, so that the interaction 
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between these groups was more limited at this site. A possible reason for this may be 
that Site B is a university hospital, as noted before, and so consultants were busy 
teaching junior doctors, and therefore did not have much time to sit down and discuss 
the patient with the nurse. Alternatively doctors may have preferred to work this way 
Table 7.2: Summary of doctors mcctings and shift handover 
Site F Process I Information Processing 
Consultant in charge leads attending doctors around 
Use the CIS by the patient 
each patient in ICU. 
bedside to discuss patient and 
input any data. 
As this is also a university hospital, junior doctors are Paper patient record and 
B also present. 
Similar process as for Site A, with , paper observation chart. question and answer session conducted by Consultant Monitoring equipment to educate junior doctors after patients have been observed examined as in Figure 6.10. . 
At the meeting, a sheet of 
C paper with patient name and 
Formal meeting where doctors on previous shift condition is given to each 
and 
I 
inform doctors on current shift of status of ICU. attending doctor. After the 
D Patients are delegated between the doctors. meeting doctors read the 
patient record to familiarise 
. and prepare 
for the patient. 
Table 7.3: Summary of sub-processes at each ICU site. 
Sub-proc ýý-- F Site 
A B C D 
Fig. 6Z Make 
Notes Notes mostly remembered and sometimes written on paper. 
Physiological 
data is clearly 
The nurse observes The CIS is used in 
Monitoring 
presented via the 
the monitoring . conjunction with the equipment 
is 
Fig. 6.8: Observe CIS. However, equipment 
for vital 
monitoring observed 
and 
Monitor 
the monitoring signs, 
etc., but 
equipment, but verbal 
POC. Verbal 
equipment is also 
mostly refers to the 
exchange is preferred. 
exchangeis 
used. 
POC. preferred. 
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Sub-proc ;; S- r Site 
A B C 
Typed in CIS by Typed in CIS that 
nurses. replaces the 
POC 
Accessible at the only. 
Input by nurses 
foot of patient only. 
Patient plan no 
bed or the nurses' 
longerrecorded. 
workstation. 
Instead, nurses 
Large colour 
All data are hand memorise the plan Recorded by hand 
monitors aid written on an 
A3 and use their (paper) on an A3 sheet of 
Fig. 6.8: Refer to visibility. Can sheet of paper at nursing notes more. paper at 
the foot 
POC access the 
foot of patient Doctors use screen of patient bed. 
observations for 
bed. Observed by dumps that have Observed by all 
current and past all clinicians who 
increased the size of clinicians who 
24 hours only. need to see 
it. the patient record, as need to see it. 
Observed by all many computer 
clinicians who screens 
have replaced 
may need to see one chart. 
Data 
it. extracted by 
management for 
I quality control. 
Physiotherapists 
use the ICU CIS 
to record their Fig. 6.9: Ancillary notes, and also Staff notes 
recoded in PR record 
their own Notes are recorded in the paper patient record by hand. Own notes 
andspecially notes 
in paper are also recorded on paper. 
specific notes. form. Other 
ancillary staff do 
not use the ICU 
CIS. 
Fig. 6.9: Check 
Monitoring As for Fig. 6.7 
Eqidpnient. 
Paper forms are Paper forms are 
All data completed for all completed for all 
regarding patient medication used medication used 
medication is and given 
to the Paper forms are and given 
to the 
recorded in the patient: 
this is 
completed for all patient: 
this is 
ICU CIS. recorded by the medication used and recorded 
by the 
Fig. 6.9: Decision Support 
'medication 
kitchen' as part of given 
to the patient in 
' 
'medication 
kitchen' as part of Adininister is also available an inventory It is 
the medication 
' an inventory. It is Medication via the CIS, also recorded on 
kitchen and nursing also recorded on where a reference notes only. The CIS 
list of separate is used for POC separate 
medications and medication charts, records. medication charts 
dosage is also and 
is recorded and is recorded 
again on the POC again on the POC given. and in the nursing and in the nursing 
notes. notes. 
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Sub-proc ;q F Site 
A B C D 
As for Fig. 6.8 'record POC notes'. 
Fig. 6.9: Record 
observation notes. 
Dictated into a 
hand-held 
Dictaphone 
carried by the 
doctors. Left with 
the secretaries, 
who transcribe 
Typed in the CIS Dictated into an 
them (0900-1600 
by doctors only. 
office-based dictation on weekdays Can be read by 
all clinicians 
Format is similar to system that allows only). 
Oflen 
secretaries' desks 
authorised to do a 
diary and is doctors to record their are full of tapes, 
so. One CIS used placed at the 
foot notes at any time, but which can be Fig. 6.9: Read and for OC, PR and of the patient 
bed. only from a central scattered 
recordPatient nursing notes. 
All clinical staff office within the unit. anywhere in the Record Clinical staff do except nurses 
These are then office. Notes 
not search for record notes 
in it. transcribed by a printed and placed 
records. Very 
Can be read by all group of secretaries, in patient record 
little paper is clinicians. who also print the folder when 
visible. notes and place them found! Testing in the patient record. two of the 
Electronic Health 
Record Modules is 
causing problems, 
as they are not 
provided with the 
technical support 
that the require. 
A section in the Recorded on aper. p Recorded on paper. 
Recorded on 
Fig. 6.9: Read and computer system Written and read Written and read by paper. 
Written and 
record nursing written and read by nurses only. nurses only. read 
by nurses 
notes by nurses only. only. 
Arrive on a Arrive on a Arrive on a separate 
Arrive on a 
Fig. 6.9: Read and 
separate 
computer system. separate computer 
computer system. separate computer system. Copied by 
record laboratory Printed and then system. 
Copied by Copied by hand into hand into relevant 
results. , typed into the 
hand into relevant relevant notes. notes. 
ICU CIS. notes. 
Fig. 6.10: 
Evaluate Patient This is conducted using the POC and patient record as well as patient examination. 
Status 
Fig. 6.10: Refer to 
patient record As for Fig. 6.9, 'Ancillary Staff 
and record notes. 
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Sub-pro±ý L Site 
A B C 
Fig. 6.10: Check 
nionitorslrefer to 
POC/Record As for Fig. 6.9 
NoteslcheckLab 
results 
Manual System. 
Local computer Remote computer 
Fig. 6.11. Send Wait for X-rays system, 
X-rays Remote computer system, X-rays 
Results. Example: to be developed. arrive system, 
X-rays arrive arrive 
Radiology Used by doctors electronically. electronically. Used electronically. 
only. 
Used by doctors by doctors only. Used by doctors 
only. 
. 
only. 
Discharge/Transfer Patient from ICU 
Table 7.4 describes briefly, the information process of patient discharge/transfer. 
Table 7.4: Description of patient discharge/transfer process 
rSite J Discharge/Transfer Process 
Discharge: A summary of patient details are printed from the CIS and sent to the 
relevant bodies. However, as the High Dependency Unit is within the ICU, transfer of 
patient is more complicated, as patient information has to be retyped since the patient 
is discharged and in a sense, readmitted. A patient who has remained in the ICU will 
have accumulated much data. This process is also true the other way round. Data is 
electronically archived onto CD-ROM. 
B Details are rc-entered on to pa per forms and given to the relevant bodies. 
C 
and 
I 
Details are re-entered on to paper forms and given to the relevant bodies. 
D 
Discussion of Work Processes 
Apart from the doctor's ward rounds, nothing new was identified. However, it is 
interesting to note that neither English hospital has formal doctors' meetings before and 
after a shift changeover, as at the Danish sites. The nursing meetings, though, were 
standard at all sites. 
Once again, it is apparent that the patient care process is heavily dependent upon 
access to patient information. Verbal exchange was the preferred method of information 
exchange as at the other sites. This may be due to medical culture and the nature of 
medical work. 
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At Site B, the disparate nature of infon-nation retrieval mechanisms was 
apparent, and duplication of data was also obvious between CIS within the ICU and 
other hospital departments. Site A was the only site with a complete ICU information 
CIS i. e., inclusive of nursing and doctors notes, observation charts, automatic download 
of physiological information, etc. The discussion about the importance of seamless CIS 
given in Chapter 6 is also applicable to this site. 
A discussion of the Organisational Culture and Actual Usefulness factors at Site 
B is given in Sections 7.2.2 and 7.2.3 respectively. This is followed by a discussion of 
the overall validation of ISIM in Section 7.2.5. 
Table 7.5: Summary of CIS training at each site 
Site Training 
Head of ICU and Head Nurse given training by CIS supplier. 
Training cascaded to all users while they worked. 
Full changeover from paper to computer took nine months. 
Two technicians responsible for physiological equipment and CIS. 
B All ICU and cardiology staff invited to a seminar. 
Training given to all ICU and Cardiology staff by two technicians. 
One ICU Doctor and three ICU Nurses given training by suppliers. 
C Invitation to 2, three hour seminar sessions for nurses and doctors. Training then given by 3 nurses and I doctor to all staff while they worked. 
Parallel use of paper and CIS system for three months. 
D Initial training given to Head of ICU, who trained 3 nurses to cascade training 
down to all ICU nurses. 
7.2.2 Organisational Culture Factors 
The CIS employed at Site B was abandoned in the late 1990s. The CIS was introduced 
primarily for management use, and was driven by the clinical director of the ICU at the 
time, as at Site C. Within the ICU two full-time technicians were employed to maintain, 
and teach all clinical staff about, physiological equipment and CIS. These technicians 
were also shared by the cardiology ICU and the cardiology HDU. The technicians were 
responsible for implementing the CIS and for training all staff to use it. Table 7.5 
summarises the status of training at Site B given at the time of the implementation of 
the CIS. This was unrealistic given the size of the unit: 
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"There are 150 staff, and that's just the nurses. There are about 25 medical staff, to teach them 
how to use over 80 pieces of medical equipment, not just in number but 80 different types. It's a 
full time job just in training. We try to keep on top of that but we also tend the trouble shooting 
because we don't have enough time to teach them, so it is a bit like the chicken and egg. There is 
no chance that we could keep up with it all - we need more help. There are only two of us for the 
ICU. It's really hard. " (Technician, Site B) 
"At the time we probably did have four technicians around but there was one who was really 
responsible for it. I think it was a really unrealistic expectation to put a heavy workload on one 
technician, to teach all the medical staff. " (Nurse, Site B) 
A set of training programs were devised, these featured a mixture of classroom training 
and on-the-job training, with sessions for approximately 20 nurses at a time, during the 
shift handover period, or three to five doctors. The lessons were designed to be 
interactive, with the emphasis on teaching basic IT competence, as well as experience of 
using the CIS: 
"We set out a training plan which you can imagine was huge for them, at the time it was all new 
technology. Some of the staff couldn't even use a mouse they couldn't work the keyboard. So 
we had to start from the bottom and teach people how to use computers and then show them how 
to use the system. It was a huge concept at the time. So we had to sell the concept of this change 
first. We had to learn the system our selves and then teach them what we knew. " 
(Technician, Site B) 
"The people who are afraid of new technology are afraid of change, which is the way it is. They 
found it a bit hard to take it in because they weren't familiar with this mouse thing, or this 
keyboard thing. Where as once they were up to speed with the computer they embraced it much 
more readily. So the concept was more readily accepted by the people who where more up to 
speed with the technology. " (Technician, Site B) 
However, as at Site C, few doctors attended the sessions, increasing the burden on 
nursing staff- 
"I think it is 8 of us are all getting our training the next audit day. Whether we all turn up or not 
is another question. They tend not to train doctors, they tend to assume you know things. " 
(Doctor, Site B) 
The CIS at Site B was an early development, and staff had little or no experience with 
computers when it was first implemented, something that is generally different now. 
However, even now previous experience can work against the user, as a quote from a 
doctor using the hospital laboratory CIS shows: 
"I tend to try and treat it like a windows system, it doesn't work, and it doesn't like to be treated 
like a Windows system. " (Doctor, Site B) 
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Negative impact of previous experience was also a factor that was identified in Sites A, 
C, and D. 
The main problems with the CIS introduced at Site B were similar to those that 
were found at Site C-a major imbalance between the actual users of the CIS - the 
nurses - and the principal beneficiaries, management, was reported. The CIS was 
implemented in a very top-down manner, and the nurses were not consulted: 
"It was something that wasn't really used and it was something that was imposed on us. We 
weren't asked what we wanted before they put it in. " (Nurse, Site B) 
'Ve weren't involved in the design of it at all; it was just like here it is. It was imposed and it 
was the director of the unit at the time who had some grand ideas lots of visions of the future that 
just didn't involve the people who were going to be using that system day in day out. " 
(Nurse, Site B) 
"I know from previous experience that when we had a computer system before we weren't 
involved in the setting up of it from the word go. It was something that was imposed on us 
really, very top down approach. " (Nurse, Site B) 
The CIS is a charting too], something that is used by both nurses and doctors, although 
the nurses carried out most of the input: 
'Ve rely really on the nurses to fill in the charts, so a lot of nursing time is taken up with filling 
the chart. So if some of that infon-nation can be captured electronically that that would be fine, 
but it all depends upon typing. " (Doctor, Site B) 
However, nurses did rely upon physician input, and this was not forthcoming, in 
common with Sites A, C, and D. Even where doctors would contribute, staff at Site B 
were very aware that the information needs of nurses and doctors were different, as was 
their desire to record infort-nation on the charts: 
"Of course I would read the nurses notes. Nurse are very useful and usually much more 
punctilious then doctors are. " (Doctor, Site B) 
"The problems we had, the nurses tend to document information in a better way than the medical 
staff. " (Nurse, Site B) 
"The doctors just don't record information that we would consider quite important. " 
(Nurse, Site B) 
"The nursing culture is that you document everything, you cover your back. " 
(Technician, Site B) 
Similar to Sites A, C and D, Site B is an active and complex environment with 
very specific information needs: 
"One would hope that we would be asked and be able to trial it first. It is a complex area in 
intensive care, there are lots of people having inputs to things and so it is quite difficult to design 
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something that a number of people would be able to access. You have to have a system that is 
robust at each stage. You can't have a system that breaks down half way. " (Doctor, Site B) 
"A lot of it is monitoring the patient, a critically ill patient; we record their vital signs really. 
That's the main thing, so obviously drugs, medical care that is documented, a lot of it is to do 
with the actual patient. Clinical details really. " (Nurse, Site B) 
"Intensive Care patient data that tells you how ill the patient is from day to day, how many 
organs are working etc? " (Technician, Site B) 
One particular problem concerning the CIS at Site B involved the placement of 
terminals. As at Site C, these were placed at the head of the bed, meaning that while 
nurses interacted with the CIS, they had their backs to the patient: 
"The workstations were all located behind the beds so you couldn't see patients when you were 
working on the computer, by the time people were going for their break or to the lab, there were 
very few nurses around who could keep an eye on things. There were patient safety issues there 
really. It was very worrying. The foot of the bed might have been more practical. " 
(Nurse, Site B) 
"The nurses were very enthusiastic to start with, but soon realised it had problems with it. So 
every time they went to put anything in it would take forever. Its location was wrong it was 
behind the patient. It took them away from the patient. " (Doctor, Site B) 
In addition to placing the CIS in a location that was not thought to be conducive to 
patient care, a nurse in Site B mentioned that the layout of the ICU was also poor, and 
sometimes a patient hidden away in a room would be forgotten and not seen by the 
doctors: 
"We have found on occasion because of the geographical layout of the unit, where we have an 
individual side room and a three bedded room -a step-down room, that sometimes patients 
aren't being seen by the doctors although those areas are with intensive care. But because they 
are out of sight they tend to be a bit out of mind. So things aren't getting documented, as they 
should on a daily basis. " (Nurse, Site B) 
The issue of implementing CIS without consultation with the actual users has already 
been discussed in Chapter 6, and was clearly evident in Site B. The following quote 
exemplifies the general opinion of hospital management at Site B: 
"[They are] pretty hopeless really, I think that they probably themselves don't have a clear 
direction of what they want in terms of management systems until they are reactive to the needs 
that are coming in from external sources so the commissioning would drive their needs and the 
clinical needs are always put down to one big pile, and yet for the patient it is the most important 
thing. " (Doctor, Site B) 
Another problem that seems to be common across all sites, is the different attitudes of 
nurses and doctors, and particularly the attitude of doctors to nurses: 
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"I think that more recently the consultants have realised that the senior nursing staff have an 
important part to play on the unit because we bring continuity to the unit. We are here day in day 
out and they are not. Also we are very experienced, so I think we are being valued more now. I 
don't think they regarded us as being professionally as equal to them. If anybody had an idea it 
had to come from them, so there were control issues there really. " (Nurse, Site B) 
This difference can be seen in the way that clinical staff approached the CIS, with 
nurses being much more prepared to use it than the doctors: 
"The nurses were very enthusiastic to start with, but soon realised it had problems with it. " 
(Doctor, Site B) 
"The doctors didn't really have much to do with it, and if we had stopped writing the 
observations down then the doctors wouldn't have accessed the computers. " (Nurse, Site B) 
This may have been because nurses were told that the CIS would integrate all of the 
patient infon-nation in the ICU, thus saving much nursing time, although this was 
immediately found to be incorrect. The consultant and technicians involved with the 
CIS implementation held unrealistic expectations of the CIS and were described, as 
ahead of their time, computer technology was not yet that advanced. However, the CIS 
was advocated as a panacea and this did not match up in reality: 
"I think maybe our expectations of it were too high, I remember seeing a sheet of A4 used by the 
sales rep that had all the requirements, which is absurd. " (Technician, Site B) 
"The salespeople sold 'futures' to the Clinical Director/Technical Manager, and their primary 
product was monitoring. They regarded the CIS as a marketing tool. There was only one person 
within the suppliers European division who was responsible for information systems, and his 
concern was at a technical installation/support level". (Information Offlcer, Site B) 
This previous experience of an unsuccessftil CIS implementation has left most members 
of staff very sceptical about any future CIS implementations: 
"We wouldn't want anything introduced now, I don't know what the medical staff think but 
from a nursing point of view if it is not going to help us it will take more time and take time 
away from the patient. From the nursing perspective we aren't very keen. " (Nurse, Site B) 
"Obviously the people, who have worked here a lot longer, will remember the bad times and it 
will take something exceptional to overcome that. If it did ever happen again I would like to 
think from the word go that we would be involved in implementing and designing it. We are the 
users and we weren't consulted last time. That was a major downfall really. " (Nurse, Site B) 
This negative feeling is a very serious problem that could impede successful integration 
of any future electronic CIS, and even cause it to fail. However, it does appear that at 
least some of those involved in the previous implementation have learned lessons from 
its failure, realising that it is crucial to involve users in the choice of CIS and its 
implementation, and to change teaching methods. Unfortunately, this takes time and 
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much effort on the part of those responsible for implementation, especially for the 
technicians: 
"I suppose over the years that we have learned you can't just put a system in, you have to be able 
to learn to use it. We have also learned that you can't just put a system in and use all facets of it, 
you would have to do a bit at a time. If you were moving over to the paper system you would 
have to run the two together. So it has to be a very structured program of introduction. And the 
teaching would have to be done, first with the senior nurses and doctors and then the junior 
doctors and nurses. To access data, to be able to put stuff in and be able to get stuff out. It would 
have to happen very early on and would be a very long process. " (Doctor, Site B) 
"We really want to get the nurses involved. We would most certainly do it differently now. " 
(Technician, Site B) 
Some nurses suggested that they would like to see and talk to users of a CIS in 'actual' 
use at another ICU, before it was implemented in their own ICU, i. e., they would like to 
evaluate the Actual Usefulness of the CIS: 
"I would now like to maybe go to a unit where it is up and running before we committed 
ourselves again. " (Nurse, Site B) 
7.2.3 Actual Usefulness Factors 
As in Site C, the CIS implemented at Site B was predominantly employed for 
management benefit, i. e., for quality and resource management. However, unlike Sites 
A and C, where a CIS was sought to meet particular requirements, the CIS at Site B was 
given free with monitoring equipment that had been bought. Although CIS 
implementation and training was clearly not sufficient, there were also many faults with 
the CIS itself, which impeded the AU of the CIS. However, it is worth remembering 
that this was a very early CIS, and this may well have been a large part of the problem, 
as technology has improved considerably since the 1980s. That said, it is clear that, 
even for its time, the CIS - or at least, Site B's implementation of the CIS - was 
inadequate, and was certainly not relevant to the work of its actual users, nurses and 
doctors: 
"All the things you would think as being basic you couldn't get. " (Doctor, Site B) 
"All it did was a very crude job of replacing the paper-based chart. It did nothing for Care Plans, 
for drugs etc. A bit more interfacing might have helped. And although we stored everything 
electronically we would print everything out at the end of the day, purely then for litigation 
purposes if nothing else. It was effectively useless. I think the thing that put the nail in the coffin 
was its poor archiving ability. " (Information Officer, Site B) 
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"From a nursing point of view it didn't really help us. It was very good for collecting 
information but we were still writing down on the chart and it didn't cut down on the nurse's 
time at all. " (Nurse, Site B) 
"The work it took for the nurses to put it in was not worth what we got out of it of it. We put a 
lot of work into getting the information in and we didn't get much out of the system. " 
(Technician, Site B) 
As well as the fact that the CIS contributed negatively to nursing activity, one criticism 
has strong echoes of that at Site C- it was very difficult to obtain a quick overview of 
the state of the patient, something that both doctors and nurses relied heavily upon in 
the ICUs: 
"The big. advantage with paper is that if you get a big enough piece of paper you get all the 
information on it. With electronic things, so far, they haven't managed to get an electronic 
system that is big enough to get it all on. " (Doctor, Site B) 
"It's very important in critical care to be able to go to a patient and very quickly assess what is 
wrong with the patient and what we can do for them. With the chart we can see all that, but on 
the monitor we didn't have that. " (Nurse, Site B) 
While this is mostly a question of effective CIS design, staff also had problems 
interpreting data as it appeared on the monitors. This was not found in Site A, where the 
monitors are much larger than at Site C, and the CIS produced clear and colourful 
graphs that were easy to interpret. This is a HCI issue and may be an issue for training; 
for example, teaching people to understand different forms of data display. However, a 
large part of the problem was caused by the small size of monitors and the clarity of 
data display: 
"I think we do have experiences with our previous system and I think patient care definitely 
suffered with that system. And maybe that was because our interpretation of what we were 
looking at on the monitor was poor. And didn't seem to be able to assimilate the data together in 
the same way that we would assimilate data from a sheet of paper. I guess the acquisition of data 
and the use of it in terms of the individual, relies on you making a set contact. So if the blood 
pressure dropped you would automatically look at the heart rate and drugs and infusion. Unless 
you have system that allows you to visualise that at the same time, you would only see a part of 
the jigsaw" (Doctor, Site B) 
Similar issues concerning data quality were found as at the other ICU sites; quantitative 
data from monitors were reliable, but the subjective data in the notes were of a lower 
quality overall: 
"We have just finished a reliability audit in the network looking at the quality of data. And what 
we have found is that the hard data, the facts like cardiovascular data are very reliable. The 
diagnosis, subjective data, is often quite inaccurate compared to the other type of data. " 
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(Doctor, Site B) 
Even when the CIS was being used for its particular purposes, it was still found to be 
unsuitable. The implementation did not seem to be stable, it was slow when used across 
the whole ICU and nurses who were originally keen to try the CIS found that it took 
much time to input data into the CIS: 
"There were numerous bugs in the system. It had a number of design issues as well; you could 
just see that it wasn't being well received by the users. " (Technician, Site B) 
"I think there were so many problems with that system in terms of its speed which wasn't 
apparent until you looked at a number of data points on the system and then it would slow right 
down. " (Doctor, Site B) 
"I think the first reason was that we lost enthusiasm for it because it took so much effort to get 
anything done. " (Doctor, Site B) 
Furthermore, it was not possible for Site B to customise the CIS or to improve its 
functionality: 
"I think the defining moment was when we tried to add prescribing into the CIS, up until then it 
had been collecting data, but then the issue came up of having to prescribe drugs and prescribing 
drugs was a much more complex process than we realized and it was just far too cumbersome. It 
was actually open to errors. " (Doctor, Site B) 
This last issue of flexibility might have been less of a problem had a good 
relationship with suppliers been evident. Unfortunately, this was not the case: 
"They did promise to work with us and develop it into a reporting tool to give us more 
information and that didn't come off. That was a shame, we bought promises and futures and 
I'm not blaming the suppliers for that, they had a good system in America, and it still does work 
well in America. But we wanted something different. The Americans were quite happy with it, 
and obviously we are only a small island, it was not worth changing for two hospitals in the UK. 
The company that was developing the stuff wasn't pushing the suppliers into what we wanted 
them to. It was only us, pushing for this system, driving them to, but it is now what everybody is 
talking about, we were just ahead of our time. " (Technician, Site B) 
Suppliers were not very keen on being involved with the development of the CIS, they 
had a larger market in the US and so were not very approachable when changes to the 
CIS, and CIS support, were requested. This meant that two technicians were responsible 
for maintaining the CIS, as well as being responsible for the physiological equipment, 
yet CIS maintenance, as at Sites A, C, and D, was not budgeted for. Where technicians 
were unable to rectify problems, the CIS suppliers had to be approached, but it soon 
became apparent to Site B that many of the promises negotiated with the suppliers 
would not be delivered, deflating Site B's confidence in them. 
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Users at Site B found that frequent changes to the CIS impeded their efforts to 
learn to use it. While Site A did not find this to be a problem, the same was not true 
here. However, the CIS at Site B was never as fully developed as at Site A- the 
technicians at Site B made large changes frequently, and early on in the CIS 
implementation, rather than small incremental changes that were executed at Site A. 
Furthermore, changes at Site A were driven by suggestions from users as to how to 
improve a working CIS, rather than desperate attempts to make the CIS work. In 
addition, users at Site A were basically happy with their CIS, whereas those at Site B 
were not, which may have decreased their tolerance to changes. 
Similarly to Site C, as management focus was applied to their own access to 
overview data about clinical quality, they were not concerned with user aspects of the 
CIS, and did not provide any resources for dealing with user complaints or improving 
the user interface. At present, users still find problems with the information services that 
are present in the hospital, including difficulties in gaining access: 
"And as of yet, in terms of the patient information service we have got in this hospital, I haven't 
got a password, they won't give me one. So at the moment, I don't use any patient electronic 
services and use only paper notes etc. " (Doctor, Site B) 
This implies that user support was not forthcoming at this site. 
Overall, the CIS introduced at Site B failed to be integrated. The system was 
abandoned in 1999. It was found that the CIS made existing work processes much more 
difficult, it created extra workload for nurses, and became very time consuming. It took 
time away from the patient without giving anything back to its actual users, who felt 
that it bad been forced upon them without consultation. The extent to which this biases 
the ICU against future implementations of CIS remains to be seen: 
I don't remember it very well because it never worked very well. We certainly never got the 
system up and running to level with its ability. " (Doctor, Site B) 
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7.2.4 CIS Integration 
The discussion of CIS integration given in Section 6.2.4 is also applicable to Site B. 
7.2.5 Summary and Conclusions of Validation at Site B 
Sites B and C, which are in different countries, have many factors in common; many of 
the problems could be accrued to the large size of the two 1CUs (attributed to 
Organisational Environment in the Organisational Culture category), but much is also 
related to the fact that both sites failed to engage users in the integration process, and 
they did not account for user needs and requirements. 
CIS requirements were not adequately identified - at Site B, this was an ad hoc 
process, whereas at Site C an external survey informed the CIS procurement decision. 
Another interesting point is the fact that neither site used the cascade method of 
teaching, while the successful implementations at Site A and D did. However, 
leadership is not as strong in Sites B and C, so whether or not cascading teaching would 
have worked would be interesting to investigate. Furthermore, the cascade method was 
one that the users actively decided not to use as it involved teaching users while they 
worked. Despite this, the method appears to have been successful at Sites A and D, and 
this is certainly related to the Organisational Culture of the ICU and the Actual 
Usefulness of the CIS, as has been discussed in the previous chapter. 
The factors identified in ISIM as important for CIS integration have been 
identified again in this independent evaluation, and no additional factors were found. 
The comparative discussions given above have shown that ISIM is not only applicable 
to Sites A, C, and D, where it was developed, but also to a further site that had a history 
of a failed implementation. Factors identified in the other sites were encountered again. 
The reasons for CIS discontent in Site C are very similar to the factors that led to the 
downfall of the CIS at Site B, but as Site C is still trying to integrate it's CIS, the 
outcome of this integration remains to be seen. Site B further validated the CIS 
Integration History factor, which is part of Organisational Culture. Furthermore, the 
findings of this validation show that ISIM has empirical worth, and has much potential 
for use in ICUs. 
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7.3 Further Validation of ISIM - Questionnaires 
Section 7.2 has shown that ISIM is a valid model for informing CIS integration. All the 
factors identified in the three data collection sites, and used in the ISIM model, were 
also found at Site B. However, as described in Section 5.1.3, a questionnaire was also 
distributed in each of the four sites, and this enabled further validation of the results. 
Although these were distributed at the same time that observation and interview data 
were collected, analysis was not performed until after ISIM was derived. This enabled a 
further check on ISIM, utilising a different method of data collection. Section 7.3.1 
describes the questionnaire response rates at each site, while Section 7.3.2 presents the 
results. 
7.3.1 Response Rates 
The questionnaire response rates were 
" Site A: 41% 
" Site B: 19% 
" Site C: 9% 
" Site D: 16%. 
It can be seen that, apart from Site A, the response rates were low, especially Site C. 
This meant that the questionnaires were not used for the derivation of the model, but 
were used instead as a secondary method of validating the components of ISIM. 
At the end of the data collection period it was discovered that all sites found the 
questionnaire too long. This was not foreseen as a problem during evaluation of the 
questionnaire conducted by two researchers at the University of Manchester who are 
experienced in survey research, nor during piloting with nurses and doctors before 
distribution. 
A second criticism was received from the Danish Site C- respondents found it 
difficult to reply in English despite a comment on the questionnaire cover sheet stating 
that respondents were very welcome to reply in Danish; however no respondents did so. 
This may be due to respondents feeling that their confidentiality may be compromised, 
as the questionnaires were not to be translated by independent professionals. It was 
impossible to do this, since the cost of translation services is high and one that PhD 
research does not budget for. The following section presents the questionnaire results. 
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More detailed infort-nation, including the responses for all questions and any free text 
answers and comments, are given in Appendix R. 
7.3.2 Questionnaire Results and Discussion 
Ouestionnaire Topics 
As the questionnaire was developed before data collection began, and distributed during 
data collection, it was not possible to focus the questions towards any particular area; 
rather the questions attempted to discover as much information as possible about CIS 
usage and opinions, so that these data could be used later, after the results from other 
methods of data collection had 'emerged' from data. 
The questionnaire was divided into six generic areas: 
1. The CIS used in the ICU - Questions 1-5 
2. Ease of using the CIS - Questions 6-12 
3. Comparison of Paper and electronic CIS - Questions 13-18 
4. ICU staff information requirements - Questions 19-27 
5. Organisational Issues - Questions 28-32 
6. Demographics - Questions 33-38 
After ISIM had emerged, and was validated at the fourth site, the questionnaire 
questions were grouped under the factors of the Organisational Culture and Actual 
Usefulness categories within ISIM. This can be seen in Table 7.6, which shows that 
each factor in ISIM is covered by questions from the questionnaire. Descriptive 
statistics in the form of frequency analyses were conducted, and were compared across 
the sites; these are given in Appendix R, and are described next. More complex 
statistical analyses were not conducted. The reasons for this are identified at the end of 
this section. 
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Table 7.6. List showing which questionnaire questions correlate with ISIM factors 
Actual 
Organisational 
Questions Usefulness Questions 
Culture Factors 
Factors 
5,12,12a, 13,14 16,17, 
Training and Education 6,7,8 System. Suitability 
20,21,23,24 
User Knowledge and 
1,15,17,38 Reliability 5,10,11,16,18,18a 
Experience 
Users 12,12a, 17,20,30 Quality 5,11,16,18,18a, 21 
Organisational 3b, 3d, 9,12,12a, 17 , Flexibility 5,11,18,1 8a, 21 
Environment 22,23P 28,29,31,32 
Expectations 1,4 Speed 5,11,16,18,18a 
Management Support 9,28,29 User Friendliness 5,11,18,18a 
Group Attitude 1,17,23 Job Relevance 5,2,13,14,16,20,23,24 
Integration History I System Support 5,9,10a, 
Freciuencv Analysis 
This section describes the questionnaire results, focussing on questions that contribute 
to an understanding of ISIM. As mentioned above, the low response rate, particularly at 
Sites C and D, mean that statistically valid conclusions cannot always be drawn. 
All respondents believed that a computerised CIS was useful to some extent 
(Ql), although respondents at Sites A and B, the English sites, were generally more 
positive. The results of the first open question (Q4) showed that only Site A reported 
negative expectations before the CIS was introduced. This may be because a greater 
number of respondents completed the questionnaires at this site. In general, CIS 
expectations were similar across all sites. 
Only at Site B did the majority of respondents feel that their CIS performed 
below their expectations, although some respondents from Sites C and D also reported 
this; only I person at Site A did so. The comments from Site C show that users 
anticipate the system to improve over time. 
The importance of training for CIS integration was made clear in Q6, Q7, and 
Q8, although respondents at Site D did not believe that training was very important. The 
fact that this site has not yet implemented a system may have affected this. Of the 
training provided, Site A found it to be the most useful; this site also trained its staff 
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most often, cascading training through the ICU whenever substantial changes were 
made to the CIS. 
Satisfaction with the CIS at Site A was heightened from the response to Q9, an 
open question that asked how respondents would deal with CIS failure- a respondent 
stated that it was unexpected. This was further validated by Q 10, where fewer users than 
at the other sites had experienced problems with the CIS, where the support they 
received was deemed to be adequate by all respondents, in contrast to Sites B and D. 
In QII respondents were asked whether their current system was better (in a 
HCI sense) for viewing and entering data. Electronic CIS were faster, easier to use, and 
more flexible than paper for entering data. Overall, each site expressed a preference for 
computerised CIS in Q13, with Sites A, B, and C expressing a strong preference. In the 
case of Site C this is counter-balanced with the fact that a respondent also expressed a 
strong preference for paper. As responses from this site were low, respondents might 
well have been those who held extreme views about the CIS. 
In general, all respondents agreed that an electronic CIS is more flexible in that 
it can be used for a variety of tasks in a variety of ways (Q14), but respondents were 
mostly neutral when asked which system provided more trustworthy data (Q 15). This is 
in line with responses from the interviews when qualitative data such as care plans are 
considered, Le the information is only as reliable as the person who enters it. A country 
split in the results of Q16 is evident, with Sites A and B (England) agreeing that 
electronic CIS provide more care time for the patient, while Sites C and D thought that 
both electronic and paper CIS were both about the same. This was unexpected in the 
case of Site B, with a history of a failed CIS. 
An electronic CIS was mostly preferred to inform all healthcare groups (Q17), 
except at Site C, where no preference was given. Less consensus was evident where 
respondents were asked to rate electronic and paper CIS for a range of HCI factors 
(Q 18). Those at Site A preferred electronic CIS mostly, although they believed that both 
systems were equally reliable. Site B agreed, but Sites C and D believed that electronic 
and paper CIS were about the same for all factors. This probably reflects the electronic 
systems that were used at Sites C and D. 
The majority of respondents agreed that their information requirements (Q20) 
were met most of the time, although many respondents from Site B believed that they 
were met only some of the time. The information content of the CIS was considered to 
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be about the same for both paper and electronic systems by Sites B and C, with Sites A 
and D showing a slight preference for electronic systems. 
At Sites B and C, which have had negative experiences with CIS integration, 
respondents believed that the introduction of an electronic CIS caused major changes 
(Q22); at Sites A and D responses suggested that CIS cause only minor changes. Only 
respondents at Site A believed that they had a fully integrated CIS (Q23). 
In Chapter 6 it was reported that many nurses felt that doctors were not 
sufficiently involved with the CIS and relied upon the nurses to do that part of theirjob 
for them. In Q26 this was stated to be favoured least by five respondents at Site A. Q27 
asked whether respondents would recommend their system to other ICUs. Only 
respondents from Site A would definitely recommend their system. 
The findings about Organisational Environment in Chapter 6 were bome out by 
Q28, where staff at Site A felt involved with the CIS, as did some at Site D, while those 
at Sites B and C did not. This is slightly different than responses to Q29, where 
respondents from English hospitals thought their inputs were considered to be of more 
value by management than respondents at the Danish sites. 
Further Statistical Analvsis 
Further statistical analysis, including correlation analysis between variables, and linear 
regression was not possible due to the peculiarities of the questionnaire data: 
" The number of respondents from Site A far outnumbered the other sites. 
" There were very few respondents from Site C. 
" No doctors responded at Site A, although questionnaires were distributed to them. 
" The majority of respondents at Site D were doctors. 
" Almost all respondents at Site A were female. 
These points mean that any cross-analysis performed on the data would be very biased, 
and would mostly reflect the situation at Site A. 
7.4 ISIM, TAM, and TAM 2 
ISIM has some similar features to the Technology Acceptance Model (TAM), 
developed by Davies in the late 1980s. This section shows that the similarities are slight 
and that the differences between the models are more important. Evidence is provided to 
show that ISIM may be better suited to healthcare. 
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TAM (Figure 7.1) was developed for analysing factors that influenced user 
perceptions of, and attitudes towards, infon-nation systems. TAM is based on data 
collected about MBA student's uptake of email, using a survey study (Davies, 1989). 
Although TAM has been used extensively in industry, it is consistently reported to 
explain only 40% of system use (Legris and Collerette, 2001). Chismar and Wiley- 
Patton (2002) assert that only two applications of TAM have been found in healthcare, 
those being Hu et al. (1999) and Dixon and Stewart (2001); the former were concerned 
with analysing CIS adoption by family physicians adoption, while the latter investigated 
physician acceptance of tele-medicine applications. Both found that TAM did not fit 
with physicians and that the model did not 'work' (Chismar and Wiley-Patton, 2002). 
Chismar and Wiley-Patton's claim that only two applied studies of TAM in healthcare 
exist is incorrect -a further study was found, that of Handy et al. (2001). 
Handy et al. investigated the attitudes of primary care physicians towards a 
proposed system for maternity patients. They found that TAM was not appropriate, and 
so it was modified to include the categories of 'perceived system acceptability', 
'organisational characteristics', and 'individual characteristics' before being applied. 
Handy et al. (200 1) criticize TAM for 'simply investigating user perceptions of CIS exclusive of 
contextual and organisational issues'. 
Venkatesh and Davies (2000) extend TAM to include cognitive instrumental 
processes (perceived usefulness, job relevance, output quality, result demonstrability, 
and perceived ease of use) and social forces (subjective norm, image, and 
'voluntariness'). The outcome of this extension was TAM2 (Figure 7.2). Chismar and 
Wiley-Patton (2002) claim that TAM2 has not been tested in healthcare, and so they 
apply the model in a pediatric setting, to investigate the adoption of Internet and 
Internet-based health applications. The authors found that their results partly confirmed 
TAM2 although 'significant parts ofthe model ivere not confirmed'. 
7.4.1 Criticisms of TAM and TAM2 
The original TAM model is shown in Figure 7.1. It can be seen that Perceived 
Usefulness and Perceived Ease of Use are independent of each other, and that they are 
about the systent only. All the relationships in the model are expressed as one-way, 
which implies that IS are perceived in a linear fashion; however considering the 
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empirical evidence given in Chapter 6, ISIM shows, this is not always the case. Note 
also that TAM considers perceived factors only. 
Although it appears that Actual System Use is similar to Actual Usefulness in 
ISIM, it can be seen quite clearly that Actual Usefulness in ISIM does not just refer to 
the system, but states that a relationship between the context (work processes) and the 
Organisational Culture impact CIS integration. Unlike TAM, ISIM considers the 
evolving state of systems integration through iterations of the model, while TAM 
appears to be static. 
Perceived 
Usefulness 
(PU) 
System design Attitude towards Actual 
features ""x Perceived using system use 
,4 (PEU) 
Ease of use 
Figure 7.1: TAM (Davies, 1989) 
In the revised model, TAM2, shown in Figure 7.2, the iterative links between the work 
processes and Actual Usefulness and organisational factors is still missing, so that 
TAM2 is only suitable for assessing technology acceptance after the system has been 
fully implemented. It misses completely the contextual factors, and does not allow for 
inter-relationships between factors; all of the factors that affect technology usage are 
independent of one another. In reality this is unlikely. TAM and TAM 2 are quantitative 
models that use pre-developed and prescriptive questionnaires to quantify each aspect of 
the models. 
ISIM is derived from 'real clinical users' in 'real clinical environments'. It is 
not static, and considers the evolving nature of organisations and the complex web of 
interactions that take place within those organisations. Whether or not ISIM is 
applicable in other areas of healthcare, and even areas outside healthcare is an 
interesting question that remains to be tested. 
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Behaviour 
Out put quality 
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demonstrability 
rII 
Figure 7.2: TAM2 (Venkatesh and Davies, 2000) 
7.5 Summary 
This chapter has presented a validation of ISIM in a fourth ICU - Site B, has presented 
the results from questionnaires distributed at all four sites during the data collection 
process, and has highlighted the differences between ISIM, TAM and TAM 2. 
During the validation of ISIM in Site B, it was shown that the factors in the 
ISIM model were repeated in this site; this ICU has a history of a failed CIS 
implementation, which provided a stronger indication of the importance of the 'CIS 
Integration History' factor in Org anisational Culture. Similar characteristics between 
Sites B and C were identified, in particular the factors that contributed to CIS failure in 
Site B were evident in Site C; as the CIS in Site C is still being integrated the outcome 
of CIS integration is yet to become apparent there. 
ISIM was further validated using questionnaires distributed at each site. The 
questionnaires were analysed independently of ISIM. Despite low response rates in 
Sites B, C, and D, the questionnaires were useful for further validating ISIM. It was 
found that no new categories emerged, however the results of the questionnaire did 
confirm the existing factors in ISIM. Further, they emphasised the inter-dependencies of 
these factors, as some questions could be used to inform more than one factor (see Table 
7.6). 
Finally, ISIM was compared to TAM and TAM 2, models considered to be most similar 
to ISIM. However, the discussion in Section 7.4 revealed that the similarities are 
superficial, and evidence that TAM and TAM 2 have been found to be unsuitable for 
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evaluating CIS in healthcare settings, was presented. As ISIM has been developed from 
empirical data collected from ICUs it should be more applicable to healthcare settings. 
Chapter 8, the concluding chapter, will present a critical evaluation of this thesis, 
where the achievement of the aim and objectives will be discussed, together with the 
validity and reliability of the study. A discussion of this thesis, compared to the 
conclusions drawn from the literature in Section 2.8, is also given, and the thesis 
conclusions are presented. 
Chapter 8 
Summary and Conclusions 
The aim of this chapter is to present the summary of this thesis and to critically 
evaluate the work that it contains, so that an assessment of the achievement of the thesis 
aim and objectives can be made. The contributions of this thesis are outlined, and 
conclusions about the research are drawn. 
8.1 Thesis Summary 
This thesis began with the question of whether or not Organisational Culture informs 
CIS implementation and integration. Chapter 2 was concerned with reviewing the 
salient literature. It covered the areas of Clinical Information Systems, Intensive Care 
Units, and Organisational Culture, and confirmed that ICUs were an under-investigated 
area in Health Infon-natics, specifically with regard to Organisational Culture. It was 
found that the literature recognises the importance of organisational issues. It supported 
the view that organisational factors, although researched for over 50 years, had only 
recently gained any standing within Medical and Health Informatics, and yet could 
greatly affect CIS implementations such as an EHR. There are few studies of 
Organisational Culture in Health Informatics, and those that exist are often conducted 
under the broader subject heading of organisational issues/factors. Further, few 
empirically derived and validated organisational culture models were found in 
healthcare. 
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Having introduced the thesis and reviewed the literature, it was important to present 
the context of this research, so Chapter 3 was concerned with presenting the 'bigger 
picture' surrounding each of the four ICUs, two each in Denmark and England, before 
describing the individual situation at each site. 
Chapters 4 and 5 presented the methodological underpinnings of the thesis. Where 
Chapter 4 focussed on presenting the theoretical aspects of the research methodology, 
Chapter 5 concentrated on presenting the actual data collection methods used. The 
research adheres to the phenomenological paradigm, and in particular it used both case 
study and ethnography as its methodologies. In Chapter 5, the data collection methods 
of non-participant observation, shadowing of clinical staff, and semi-structured 
interviews were given as the chief data collection methods, with the approach to 
analysing the resulting qualitative data being given as grounded theory. Questionnaires 
were used to further verify the research findings but were not used to derive the Iterative 
Systems Integration Model (ISIM). 
Chapter 6 is the 'heart' of the thesis. The chapter develops ISIM, and also its 
components (work processes, Actual Usefulness, Organisational Culture, and CIS 
Integration). To enable a better understanding of the model, hypothetical cases of when 
and how it may be applied were presented, before the details of ISIM and its derivation 
were discussed. The formulation of ISIM in terms of grounded theory was discussed in 
terms of each component of the model. 
Work processes are an important part of ISIM. They were illustrated and 
described using Role Activity Diagrams i. e., the diagrams illustrated: nursing meetings, 
the nursing shift handover, doctors meetings and shift handover, patient preparation for 
doctor's rounds, and the doctors rounds. It was found that these processes were virtually 
identical at each site, regardless of country. However, they differed at the information 
processing level, which were summarised in tables, so that comparisons across the three 
ICUs (labelled A, C, and D) used to develop ISIM could be clearly seen. These tables 
were extended in Chapter 7, when a fourth ICU (Site B) was used to validate the model. 
Finally in Chapter 6, each factor of the Organisational Culture and Actual 
Useftilness categories were presented in a discussion comparing these factors across the 
three sites. The validation of ISIM was presented in Chapter 7, where it was shown that 
the factors in the ISIM model were repeated in a fourth site that had a history of a failed 
CIS implementation. This site provided a stronger indication of the importance of the 
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'CIS Integration History' factor in the Organisational Culture category. Similar 
characteristics were identified between Sites B and C, in particular, the factors that 
contributed to CIS failure in Site B were evident in Site C; as the CIS in Site C is still 
being integrated the outcome of CIS integration was yet to become apparent there, as 
was discussed in Chapter 7. 
Despite low response rates from Sites B, C, and D, questionnaires were useful 
for further validating ISIM. It was found that no new categories emerged, however the 
results of the questionnaire confinned the existing factors in ISIM. Chapter 7 also 
highlighted the differences between ISIM and the Technology Acceptance Models 
(TAM and TAM 2), commonly-used models for measuring system use. The discussion 
revealed that the similarities were superficial, and evidence that TAM and TAM 2 had 
been found unsuitable for evaluating CIS in healthcare settings was presented. As ISIM 
had been developed from empirical data collected from ICUs, it should be more 
applicable to healthcare settings but requires testing. 
8.2 Critical Evaluation 
A critical evaluation of this research is presented in this Section. It evaluates the aim 
and objectives of this research (Section 8.2.1), the validity and reliability of this 
research (Section 8.2.2) and the limitations of this research (Section 8.2.3). The research 
evaluation in terms of the literature review given in Chapter 2 is given in Section 8.2.4. 
The contributions of the thesis are outlined in Section 8.2.5, and finally for this section, 
future work is given in Section 8.2.6. For the thesis conclusions, see Section 8.3. 
8.2.1 Assessment of the Research Aim and Objectives 
In Section 1.2 the aim and objectives of this thesis were presented. These are given 
again for convenience. 
Aim 
The aim of this thesis was: 
To develop a declarative model of clinical information systems integration 
based on empirical evidence from intensive care settings. 
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Obiectives 
The objectives of this thesis were: 
1. To investigate the significance of Organisational Culturefor explaining actual 
CIS deployment in intensive care. 
a. To determine the Organisational Culture characteristics that affect CIS 
integration into intensive care settings. 
b. To determine the relationship between Organisational Culture 
characteristics found and CIS as they are used in practise. 
2. To investigate the interactions between clinical staff and CIS, so that it is 
possible to detertnine the effect of these interactions on intensive care clinical 
ivorkprocesses. 
a. To determine the interactions that take place between clinical staff and 
their work processes. 
b. To model the above interactions. 
C. To explore the relationship between Organisational Culture, actual CIS 
use, and clinical work processes. 
3. To develop a theoretical niodel of CIS integration. 
a. To conduct a comparison of the findings from each site 
b. To apply the knowledge and. understanding drawn from primary 
empirical evidence to develop a model for CIS integration. 
c. To validate the model using an investigation at another site. 
Table 8.2 outlines these objectives and provides a reference to where they were 
demonstrated within the thesis. Each primary objective is then discussed. 
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Table 8.1: References for the Achievement of the Research Objectives 
Primary 
Objective 
Sub- 
Objective 
Section Page 
a 6.2.2 110 
b 6.2.3 129 
a 6.2.1 94 
2 b 6.2.1 94 
c 6.1.2 89 
a 6.2 93 
3 b 6.1 85 
c 7.2 142 
Evaluation of the Achievement of the Research Aim and Oblectives 
Each primary objective is discussed first, followed by the achievement of the thesis aim. 
1. To investigate the significance of Organisational Culturefor explaining actual 
CIS deployment in intensive care. 
In order that the role of Organisational Culture for determining CIS interaction in ICUs 
could be investigated, it was important to be able to obtain data in the context within 
which it occurred. Therefore, non-participant observation and interviews with clinical 
staff enabled the collection of data, which were analysed using grounded theory to 
determine the Organisational Culture factors that affect how CIS are integrated; a 
second category, the Actual Usefulness within ISIM, emerged from the data. 
Organisational Culture was shown to have a very significant role for CIS integration, 
and eight Organisational Culture factors were identified from the data (see Section 6.1 
in Table 8.1). 
2. To investigate the interactions between clinical staff and CIS, so that it is 
possible to determine the effect of these interactions on intensive care clinical 
ivorkprocesses. 
Data collected from observations and inter-views with clinical staff enabled the 
development of Role Activity Diagrams, which were analysed across all sites, so 
that the interactions between the CIS and clinical staff could be recorded with 
consideration to ICU work processes. These work processes only differed between 
ICUs at the information processes level. 
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3. To develop a theoretical model of CIS integration. 
Having achieved the first two primary objectives, it was possible to develop a model 
of CIS integration using the findings from Actual Usefulness, Organisational Culture 
and Work Process analysis. This was presented in the form of the Iterative Systems 
Integration Model (ISIM), which was evaluated in Site B. ISIM was further validated 
using the results from the questionnaires. All sites were given feedback of the results 
and they too confirmed the findings. 
It can be seen that the achievement of the research objectives ultimately enabled the 
achievement of the research aim, i. e., the development of a declarative model of clinical 
information systems integration based on empirical data from ICUs. The trustworthiness 
of this research is discussed next. 
8.2.2 Validity, Reliability, and Generalisability 
In Section 5.2.4 the concept of triangulation was discussed. It was found that 
triangulation of different methods can enhance the validity and reliability of the research 
findings (Denzine, 1970). This research employed three of the five types of 
triangulation: data triangulation (i. e., a variety of informants (nurses and doctors)), 
method triangulation (i. e., a variety of data collection methods (interviews, observations 
and questionnaires)), and environmental triangulation (different locations/settings (four 
ICUs, two each in England and Demnark)). 
Most studies attempt to adopt two types of triangulation (Hussey and Hussey, 
1996; Robson, 1993), it can be seen that this work adopts three types of triangulation so 
that the research findings can be accepted with more confidence. The reliability, 
validity, and generalisability factors of this research are now discussed in greater detail. 
Reliabilitv 
In positivist research, it is generally accepted that if findings are repeatable by other 
researchers, then they are reliable (Hussey and Hussey, 1997; Robson, 1993). However, 
this thesis is a phenomenological study and it is common knowledge that the replication 
of qualitative studies is a more complex matter, due to the subjective nature of this type 
of research. This does not, however, imply that qualitative research cannot be reliable 
since "it is not important whether qualitative ineasures are reliable in the positivistic sense, but whether 
similar observations and interpretations can be made on different occasions and or by different 
observers" (Hussey and Hussey, 1997). 
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For pragmatic reasons it was not feasible to work with other researchers at the time, so 
that the findings could be tested. Collaborations with other researchers may enable this 
work to be tested at other sites in the future. In terms of similar observations and 
interpretations being attained on different occasions, ' Section 7.2 presents the results of 
an evaluation of the research findings conducted in a fourth site. Similar observations 
and interpretations to those at the original three sites were found. 
Validitv 
Validity is defined as the "extent to which the research findings accurately represent what is really 
happening in a situation. " (Hussey and Hussey, 1997). Validity is often very high in qualitative 
research, since it aims to capture the real meaning of the phenomena by collecting data 
rich in context and explanations (Robson, 1993). This thesis aimed to achieve this by 
using observations conducted at the location of the phenomenon being investigated, 
rather than conducting observations in a laboratory, away from the natural context of 
clinical staff. This enabled understanding of clinical work processes in context and 
situation, with regard to CIS interaction. Further, interviews were conducted and these 
verified observations i. e., were observations consistent with 'that', being told, and vice- 
versa? 
Generalisabilitv 
In positivistic research, generalisability is defined as the "application of research results to 
cases or situations beyond those examined in the study" (Hussey and Hussey, 1997). Gummerson 
(199 1), in Hussey and Hussey (1997), states that "using statistics to generalisefrom a sample to 
a population is just one type of generalisation: in phenomenology it is feasible to generalise from one 
setting to another.... i. e., can patterns, theories, and concepts generated in one environment be applied in 
another? " Statistical generalisations were not possible in this thesis. However, 
conducting research in a number of ICUs confirmed that similar conclusions could be 
drawn across four ICUs; ISIM was applicable in all the sites investigated. Future 
research could investigate the applicability of ISIM in ICUs in other countries, and even 
in other areas of the healthcare sector (this is discussed in more detail in Section 8.2.6). 
Having discussed the credibility of this thesis, it is also important that the thesis 
limitations are reported, these are presented next. 
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8.2.3 Thesis Limitations 
The paucity of questionnaire responses was quite disappointing. Although both 
academics and clinical staff at each site piloted the questionnaires, the Danish 
respondents felt that the questionnaires were too long and took too much time to 
interpret and complete. As only a small sample of nurses and doctors tested the 
questionnaire, it appears that the sample was not very representative. 
Translating the complete questionnaire into Danish was considered before 
distribution, but as feedback was positive this was not thought to be necessary. 
Translation costs for a minority language such as Danish are also very high, and were 
not within budget. However, had this been a positivist study, relying solely on survey 
data, greater emphasis would have been placed upon the questionnaires, which would 
have been translated; future research in this area will consider this option in more detail, 
and it may also be possible to budget for this in post-doctoral research. As the 
questionnaire was also not the focal source of data from which ISIM was derived, this is 
not a major limitation to this thesis. 
A focussed and directed research team may be better suited to this type of study 
than a sole researcher, as was found by Kay et al (1996); as discussion of findings and 
interpretations may lead to more reliable and generalisable findings, if a number of 
independent researchers arrived at similar conclusions. 
ISIM is not a static model, but describes the iterative nature of CIS integration in 
ICUs. Although the Role Activity Diagrams used to model the work processes are 
static, since process models are snapshots of work processes at a particular point in 
time, the importance of remodelling work processes during different iterations of CIS 
integration was stressed in Chapter 6. ISIM is not prescriptive; rather, it acknowledges 
the dynamic nature of ICU organisations, operating in 'real' time with 'real' people. It is 
advocated as useful for guiding CIS integration, rather than prescribing exactly how it 
should be conducted, since each organisation is complete with its own set of norms, 
values and idiosyncrasies. Section 8.2.4 presents a discussion of the thesis in terms of 
the literature review presented in Chapter 2. 
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8.2.4 The Thesis in Terms of the Literature 
This section discusses ISIM in terms of the issues that arose from the literature review 
(Section 2.8). The general points identified in Section 2.8 are discussed and then ISIM 
is discussed with regard to a paper by Kaplan and Shaw (2002), which reviews models 
used to assess CIS implementations. 
The conclusions drawn from the literature review in Section 2.8 are given below, with 
each point being followed by a discussion of how this thesis addresses the issues raised. 
1. Since the introduction of CIS in healthcare in the 1960s, little has changed in tenns 
of organisational problenis when iniplenienting CIS (Richards, 2001). 
The paper by Richards (ibid) found that organisational issues, such as user perceptions 
of CIS, were causes of unsuccessful CIS implementation as early as the 1960s; this is 
still being found today (Kaplan and Shaw, 2002). In this thesis the Organisational 
Culture and Actual Usefulness factors of ISIM identified show that there are many 
significant features that affect CIS implementation and integration; these features can 
inform understanding of CIS integration issues. Furthermore, human and organisational 
issues were found to be at least as important as the technical issues as causes of failure 
(at Site B) and unrest regarding CIS at Site C. However, this thesis has also shown that 
while poor organisational factors can contribute to failure, they can also be significant 
factors for successful CIS, as exemplified at Site A. 
2. Despite decades of research in Health Inforinatics, implementing and integrating a 
CIS into secondary care remains a major problem (Benson, 2002a and 2002b; 
Schoefifel, 1998). 
This thesis has shown that this is true in all four ICU settings examined, and has 
investigated many of the reasons why this is so. 
3. The issue of integrating CIS successfully into complex areas, with equally complex 
information needs, becomes much more salient with government-imposed deadlines 
for EHR developments across the globe (AMIA, 2003; Iakovidis, 1998; Moorman 
and Van der Lei, 1999). 
This is a very important issue, especially for ICUs. Section 6.2.1 highlighted the 
complexity of an ICU environment and the dependency on the availability and access to 
patient information. Furthermore, the participants of this environment, such as clinical 
staff, have been quoted as saying that their needs are not being addressed in large scale 
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EHR projects, where the focus remains on more general hospital departments. If an 
EHR is to be successfully integrated in all areas of patient care, then every area needs to 
be considered, and complex areas like ICUs must not be ignored. 
4. ICU information requirements differ substantiallyfroin other areas of a hospital, 
and this ivill affect the design and development of CIS (Hagland, 1998; Campbell et 
al., 2001; Randolph and Kane, 1998). 
Section 6.2 draws similar conclusions from observations at three of the four ICU 
settings (A, C, and D) discussed in this thesis. 
5. The issue of transferability of CIS developed in one setting to other healthcare 
departments and institutions is challenging (Heathfield et al. (1994)). However, it 
has been demonstrated that CIS developed in complex areas such as ICU are more 
likely to succeed in other less complax areas of healthcare, rather than vice-versa 
(Junger et al., 2001; Hagland, 1998). 
This thesis has not examined this question, focussing on implementation of CIS in 
ICUs. However, Section 6.2.1 has shown that the ICU work processes are very similar 
across all sites, regardless of country and size of unit. This is an interesting finding that 
implies that, at least at the English and Danish level, these countries could collaborate 
and inform each other's EHR developments. Whether this would be true for other 
countries and other areas on healthcare is something in need of investigation. 
6. Feiv large-scale studies o ICU exist (Bennet and Bion, 1999), and very feiv tackle )f 
the issue of Organisational Culture and CIS in intensive care. 
This thesis investigates four ICUs in two different countries, each at a different stage of 
CIS implementation. The particular focus of the thesis has been the investigation of 
human and organisational issues with regard to the CIS implementation. 
7. Few organisational models developedfor informing CIS implementations are based 
on enipifical evidence (Iles and Sutherland, 2001). 
ISIM is grounded in empirical data collected from three ICU settings, and was 
validated in a fourth. In terms of the literature, this thesis contributes original work, 
based on empirical evidence, to the existing academic literature; specifically, the thesis 
investigates Organisational Culture issues with regard to CIS integration in intensive 
care. 
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ISIM and other Models 
Many CIS evaluation models and methodologies exist; a very comprehensive and 
thorough review of a large number of these models is given by Kaplan and Shaw 
(2002), and those of relevance to this thesis were discussed in Section 2.4.1. 
Kaplan and Shaw's paper highlighted the fact that a majority of research focuses on 
system success and highlights the importance of not only the technical aspects of a 
system, but also the organisational, behavioural, and human factors. Further, they state 
that contextual issues are also important, so that evaluations consider not only the 
system, but also the users and the setting in which the system is implemented. 
The authors found that, despite the vast amount of research in this area, a 
number of issues remain under-investigated. These issues are addressed below in tenns 
of this thesis and ISIM: 
"Many evaluations focus on practitioners, primarily physicians... more evaluations 
are needed that address the concerns of the many individuals involved in, or 
affected by, inforinatics applications ". 
This thesis has addressed this issue through the research at the four ICUs. ISIM was 
developed in consideration of nurses and doctors, and also acknowledged the input of 
other clinical staff, as shown in the RADs given in Section 6.2.1. 
0 "Attention is needed not only to successes, but also to failures, partial successes, 
and changes in project definition ... publication bias in Medical Informatics provides 
little opportunity to learnfrom studies in which technological interventions resulted 
in null, negative, or disappointing results". 
ISIM was informed by not only successful CIS implementation (Site A) and ongoing 
implementations (Sites C and D), but validated in Site B, where a CIS had failed. The 
thesis discusses all four sites, which were at different stages of CIS development. These 
different stages helped ground ISIM not just in one context of successful system 
integration, but in three other contexts, which demonstrate failure (Site B), partial 
failure (Site C) and partial success (Site D). 
R "Coinparative studies, while exceedingly difficult, are iniportant for illuininating 
contaxtual issues. " 
This thesis investigates four sites, and compares the findings at each of them. 
x "More work is needed to develop both evaluation inethods and theory, and to bring 
together understanding developed through these studies. " 
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The three issues highlighted above by Kaplan and Shaw (2002) have been 
discussed in the context of this thesis. It has been shown that this thesis has considered 
the factors that were reported as being under-investigated by the authors in the 
development of ISIM. 
Section 7.4 discussed the relationship between ISIM, TAM and TAM 2, and 
highlighted the differences between the three models. The precise contributions of this 
thesis are given next, in Section 8.2.5. 
8.2.5 Contributions 
This thesis makes a number of useful contributions to Health Infori-natics, and its 
practitioners. These are listed in order of significance below: 
" Develops an empirically validated model of CIS integration - The Iterative Systems 
Integration Model (ISIM) - for informing CIS integration into ICU, (Chapter 6). 
" Contributes original work - based on empirical evidence - that investigates the significance 
of Organisational Culture for integrating CIS in intensive care to the academic discipline of 
Health Informatics (Section 2.7). 
" Provides process maps of intensive care work processes, based on empirical observations 
from intensive care settings, to illustrate the interactions that occur between clinical staff, 
CIS, and intensive care work processes (Section 6.2.1). 
" Provides insights into the interactions that occur between clinical staff, CIS, and intensive 
care work processes. 
" Enables the dissemination of empirical evidence from four separate intensive care sites that 
support theory, and contribute to knowledge and the academic literature about 
Organisational Culture, clinical information systems, and the interactions between these in 
intensive care. 
The findings may be of particular interest to those involved with the introduction of the 
integrated care record service (ICRS) in the UK National Health Service (NHS) (DOH, 
2002b), and those involved in national Electronic Health Record (EHR) initiatives in 
Denmark, as data were collected from sites in these countries. Global EHR initiatives 
may also find this thesis of some use, for its insights into the context of clinical work 
and CIS integration. 
Responses from three correspondents at Sites B, C and D illustrate a specific and 
practical contribution to the ICUs in Sites B, C and D (Site A did not provide written 
feedback therefore it is not quoted): 
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"I think it's an accurate reflection of what went wrong at [Site B]. I feel that we will struggle to 
re-introduce a CIS until we can offer more automated data collection to the staff (e. g. labs), in 
addition to the points you've raised. As our Trust doesn't have an interface engine that could be 
some time off. I've love to have a look at the finished thesis as it will no doubt help us second 
time round (whenever that is)". (Contact, Site B) 
"I've read your excellent paper again today. And my answer will be a bit different from the first 
time I read it. I remember feeling that it all seemed ages ago, all the things concerning the 
implementation of CIS, when I first read it. And I couldn't remember the doctors not being 
interested in using the system, as I was more concerned with the nursing staffs reaction to the 
system. 
Now - almost a year after -I can suddenly see what you are referring to in your paper. And I 
have to agree with your findings completely. I suddenly also understand the questions you've 
asked me about the ward better. So what do I think about your paper? I think you've pointed out 
some very important factors in implementing CIS into a clinical setting. And I wish your paper - 
or findings - had existed prior to implementing CIS to our ward. Now all I hope is that they - the 
management - will consider your findings before they start implementing the doctors and the 
nurses EPR. Have you sent the paper to them? And are you planning to send your doctoral thesis 
to them? I really think it's an excellent paper. And it's only gotten better after reading it again 
now almost a year after we started implementing the CIS into the ward" (Nurse, Site Q. 
"Concerning the paper [ ... ]I 
have reread it now and find it well describing the actual situations 
in Denmark and setting up good conclusions" (Contact, Site D). 
8.2.6 Future Work 
9 Investigate ISIM in more ICU settings, to improve its generalisability. Academics at 
Massey University in New Zealand have already expressed an interest in testing 
ISIM in New Zealand ICUs, and further investigations can only add to the results. 
0 To consider the question of whether ISIM is applicable in the private healthcare 
sector. While it seems unlikely that there would be any difficulties, the 
Organisational Culture of private hospitals, in ternis of governance, finance, and 
motivation, is radically different. It would be interesting to compare these findings 
with public health services, both within a country, and trans-nationally. 
* Examine the applicability of ISIM in practice as a guide for informing CIS 
integration in ICUs. This would have to be a longitudinal study that follows an ICU 
throughout the process of CIS procurement, implementation, and integration, and 
would require a long-term relationship with the ICU site. 
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Investigate the applicability of ISIM in other areas of healthcare. ISIM was 
developed from data exclusively captured in ICUs, and may therefore not be directly 
applicable to other healthcare settings, such as other hospital units, and primary care. 
This requires further investigation, but would be of great interest, both because it 
would provide a useftil model to those settings, but also because this investigation 
would highlight differences between the work processes in the different settings, and 
hence the information processes. 
* Examine the applicability of ISIM in other sectors. TAM and TAM 2 have been 
used with varying success in many sectors, but they were originally developed from 
just one set of data. While it is unlikely that any one generic model can capture the 
complexities of all information system integrations, ISIM, and variants of it, may be 
useful in other sectors. 
8.3 Conclusions 
It is evident that despite the purported benefits of CIS, and decades of research in Health 
Infoi-matics, users in this study were still experiencing CIS problems that were prevalent 
in the 1960s. Many studies have emphasised the difficult nature of CIS implementation, 
and the increasing number of failed CIS implementations. Much evidence suggests that 
CIS are often greeted with scepticism and uncertainty as to their capabilities and 
integration with existing clinical activities. Many systems remain unused, or are used 
far below their potential. The care of the patient is paramount, and unsuccessful 
implementations detract from patient care. In addition, the pressures on management to 
reap retums on their investment are great, as the public healthcare sector is renowned 
for its shortage of resources, so justification of every investment becomes imperative, 
and successful outcomes a necessity. 
Although many randomised controlled trials and economic analysis studies have 
been conducted for evaluating CIS use in healthcare, it has become increasingly 
apparent that these methods alone are not sufficient. The study of organisational and 
human factors has only recently gained momentum, despite decades of research. The 
question of whether or not Organisational Culture could inform CIS implementation and 
integration is under-investigated. Further, no empirically derived and validated 
Organisational Culture models in healthcare were found. 
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This thesis aimed to develop a declarative model of CIS integration grounded in 
empirical data from ICUs, a healthcare area under-investigated in Health Informatics, 
despite the intensity of its information needs. ISIM, a model to guide CIS integration in 
Intensive Care Units, was developed. ISIM was derived from empirical data 
(observations, shadowing, and interviews) collected from three ICUs in England and 
Denmark, and it was validated in a fourth ICU. ISIM consists of four elements, 
Organisational Culture, Actual Usefulness, work processes, and CIS Integration. The 
model suggests that CIS integration is an iterative process, and one that is dependent 
upon the extent of changes required to existing work process, the Organisational Culture 
and Actual Usefulness of the CIS. 
In this study it was found that although a CIS is budgeted for in terms of its 
software and hardware constituents, investments in maintenance and education are often 
non-existent. Yet as ISIM shows, this is a prerequisite to successful Actual Usefulness. 
Further, where the relationship with suppliers was found to be weak, system support 
was impeded further, causing unrest and disillusionment with the capabilities of the 
CIS. Strong leadership was found to be essential, to ensure that CIS capabilities and 
user requirements are adequately considered before procurement, and that staff are 
motivated to use the CIS. The factors identified as impeding CIS integration were: 
" Inadequate understanding of current work processes (Sites C and D). 
" Poor leadership and lack of ownership and responsibility for CIS implementations (Site Q. 
" Inadequate and inappropriate training (Site Q. 
" Unconsidered context of the organisational environment and the structure and layout of the 
organisation (Sites C and D). 
" No way of communicating with existing systems (Sites A, B, and Q. 
" No potential for change and adaptation so that the system can be altered to suit the 
characteristics of the organisation (Sites C and D). 
" Poor system suitability (Site Q. 
" Unclear 'actual' benefit of the system to the user (Site Q. 
" Weak relationship with suppliers (Sites C and D). 
The need for seamless CIS within healthcare was also emphasised. From the RADs it 
became obvious that ICUs are complex organisations, with complex needs and work 
processes. Upon closer examination, ICU information processes were found to have the 
potential to become much simplified with the introduction of seamless CIS, thus 
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creating 'simplified complexity' in dynamic organisations. Moreover, CIS that did not 
allow for changes or adaptations as user needs changed and grew found it increasingly 
difficult to meet user demands and be integrated. 
To conclude, at present, the approach to CIS implementations is haphazard, and 
isolated from those that use the systems, and those that develop them. There is poor 
communication between the groups that are involved, such as suppliers, management, 
and users. CIS integration involves many different parties, who need to communicate 
with each other; each group is equally important, and they all influence CIS integration. 
CIS are often viewed as a cure-all; to be effective they depend not only on what they 
have been engineered to do, but also on how they are implemented and used. It is hoped 
that ISIM will contribute positively to CIS integration in intensive care and, with further 
testing, beyond. 
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Entrance and Exit, ' j Not ApplicabIc to this flicsis (N A) 
Open plan work are aj Desks/computer/chairs used by pharmacist 
Computer Room One computer 
Office Three computers -used by nurse manager and clinical sisters 
Dirty Room Contains linen 
Kitchen N/A 
Staff Room Notice board/ TV/ fridge, tables and chairs 
Toilet N/A 
Server Room Houses server 
for CIS and CIS workstation, notice board with 
contact details for S/W company and documentation for the CIS 
Staff Changing Room N/A 
Corridor N/A 
Medicine Room Fridge's and cabinets for drugs 
Nurses Work Station 
Three printers, computer connected to laboratory computer. 
Computer with access to the internet and for general use such as 
word processing. Tea and coffee area, notice board, paper and 
c inical books and folders for reference etc. 
ICU Beds CIS by bedside 
I 
HDU Beds CIS shared by two beds 
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CIS Functionality, Site A- This Appendix refers to Site A alone, as it is the only 
site with a fully computerized ICU. 
The Central CIS 
For each shift the CIS recorded the name of the shift nurse, duty doctor, date and time. The 
following list gives a description of its functions: 
" Enables access to a list of all current patients. 
" Allows screen dumps only i. e., printing one page at a time. 
" Patient administration - demographic details from the hospital administration system 
are retyped into the CIS: 
. 16 Admission and contact details. 
" Primary clinical information and clinical history. 
" List of shift nurses. 
" List of duty doctors. 
" ICU discharge details - summary - details about patient status. 
" Observations - list of observations recorded at selected intervals - 
inforins when they are due to be recorded. 
" Investigations - list of investigations e. g. blood clotting - profile of 
blood - blood/gas analysis etc. 
" Therapy's - drugs input manually - allows selection from a list - able 
to add to list if item not available. 
" Review - possible to review different care areas - enables 
comparisons with historical data. 
" Nurse care plan. 
" Reporting - provides weekly report facility - daily continuation notes: 
History. 
" Help. 
" Information to inform users about particular areas of care. 
" Physiological details such as: Breathing, weight and fluids etc. 
Nurses were able to write their care plans using free text, while the facility for entries by doctors 
required structured data entry. 
Bedside CIS 
Downloads information from the monitoring systems, such as respiratory system. It can select a 
particular view, though the nurses prefer the graphical display since it highlights different types 
of patient data so that it is easier to distinguish between them. The graphical display shows all 
vital signs and fluids. Due to the colour coding system and visibility of graphs and charts it is 
immediately possible to see any vital changes that require attention. Finally it is possible to 
write the care plan and doctors notes for the patient whom the bedside CIS refcrs to. 
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ICU Layout - Site B: (Not to Scale) 
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Corridor NA 
Entrance and Exit N/A 
HDU 
I 
Hip-h Der)endencv beds onlv 
This is where nurses and doctors congregate. Radiology 
computer and Lab computer is located here. Computer 
Work Station with access to internet and for general use such as word 
processing. Tea and coffee area, notice board, paper and 
clinical books and folders for reference etc. 
Medicine 
Medicines, and medicine apparatus are stored here 'Kitchen' 
Nursing Trolley holds items such as medicine trays, tissue paper, 
Equipment aprons ... etc. 
Patient Room For patients who are deemed unrecoverable. 
ICU Beds Monitoring CIS at the head of beds, 
Kitchen 
_N/A Notice board/ TV/ fridge/tables and chairs, notices about Staff Room 
Houses server for auditing equipment and also all the ICU 
Server Room technicians responsible for all equipment on this unit and 
two other units. 
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W -,, wrmr? " 
Corridors 0 NA 
Entrance/Exit N/A 
Secretaries Office A large office with at least four secretaries for sorting patient information 
and records. Access to the Green System. Computers giving access to 
general windows packages and the internet. 
Room for Head Each group in the ICU (Cardiology, Paediatric, Lungs and Brain) has it's 
Nurses own head nurse synonymous with nurse manager in England. Each of these 
nurses is responsible for managing their group of nurses, scheduling staff 
duty rotas etc. Each leader has a computer with windows applications and 
the internet. 
Children's ICU Four beds with CIS by each bed and at clinician work station. Medical 
reference books and forms etc. Computer with access to ordering system, 
internet and word processing packages. 
Chest and Lungs As for Children's ICU ICU 
Heart ICU As for Children's ICU 
Kidney ICU As for Children's ICU 
Equipment N/A 
Medicine Kitchen A fridge is available to hold patient medications, bloods, foods etc. The 
room also holds basic medical apparatus as well as reference books and 
folders. 
Kitchen N/A 
Online X-rays This room contains photocopiers and an online link to radiology, so that Drs 
and nurses may access patient x-rays on line. Two large monitors are placed 
side by side so that before and after x-rays can be compared easily. 
Linen N/A 
Linen N/A 
Toilets N/A 
Coat hanging 
space and 
Used to store clothes and shoes when on duty. A separate changing room is 
also available. 
changing room 
Offices N/A 
Offices N/A 
Offices N/A 
Changing Rooms N/A 
Staff Room Two sets of tables and a coffee area. TV, lockers and fridge. 
Vacant Room Will be refurbished to make more room for the heart patients. 
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ICU Layout - Site D (Not to Scale) 
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705 
-0-1111 pow 
`7`7 
Entrance and Exit N/A 
Staff Changing Rooms N/A 
Head Nurse and Staff 
Three computers used for access to the internet and 
Windows applications. Laptop port. Extra desk used by Educator 
staff. 
Two large tables, a small sink and kitchen apparatus. A 
partition for smokers. White board and notice board. 
Staff room [Kitchen 
Folders for each member of staff, amongst other things 
used by secretaries and educator to inforrii staff. Note that 
the notice board is also used to inform staff as well as face- 
to-face. It is more of a back up method. 
Two secretaries with computer each. Access to Green Secretaries Office System, internet and Windows applications. 
Used each morning for nurses' and doctors' conference. 
Also used by student doctors and nurses and for education 
purposes. This room holds the radiology computer where 
Seminar Room doctors are able to download the relevant x-rays 
for patients 
as and when they need to. 
This room houses medical reference books and a large 
white board as well as manuals for the monitoring and 
computer systems used on the unit. 
Staff Lockers N/A 
Monitoring system by the patient's bedside. The rooms 
hold small tables where nurses and doctors meet to discuss 
the patient. The patient daily observation sheet an d the 
ICU Beds paper record can be found here. A computer also in each 
room, one between two beds, allows access to the 
laboratory and blood ordering software. The computer can 
also be used to access the internet, medical references and 
simple word processing. 
This room is used when a patient is unrecoverable. Patients 
Quiet Room are moved here from the intensive care rooms to allow 
relatives some personal space with the patient. 
A fridge is available to hold patient, medications, bloods, 
Medicine Kitchen foods etc. The room also holds basic medical apparatus as 
well as reference books and folders. 
Used mostly for meetings and educating staff and students. 
Conference Room Medical reference books and folders can also be found 
here. 
Two large monitors display the status of patients in all four 
rooms, simultaneously. Mostly used by night staff, when 
Reception patients are sleeping. Again reference books and folders as 
well as blank medical and nursing charts can be found here. 
networked computer gives access to the laboratory 
system, the internet and Windows applications. 
Entrance and Exit N/A 
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Research Protocol 
As outlined in the proposal I sent to you, I am happy to write a report of findings for the 
hospital in question. You are also welcome to access the research findings across all the 
hospitals next year, when a full comparison of all four hospitals will be written up. 
All participating staff are promised anonymity, as is the hospital if it so desires. 
The data collection plan is drafted below and is dependent up on the availability of and 
accessibility to the relevant data sources. 
Requirements and Confidentiality 
Pennission to use a Dictaphone when interviewing - only I will hear these tapes 
and no third party will view the transcriptions of the inter-views. 
Permission to shadow and observe staff as they work. 
Distribution of a questionnaire. 
Access to relevant documentation. 
Attendance to relevant meetings. 
Start Date: 
End Date: 
HosPital visits 4 days/ week, I day at university for consolidation. 
Week Primary Methods and Other Tasks 
No. Task 
Introduction to staff 
Distribution of questionnaires 
I Observation 0 Collection of relevant documentation and 
observations 
a Attendance to meetings where relevant 
Observing staff carrying out daily tasks. 
2 Shadowing Preferably a different user of patient clinical information in the ICU. 
a Ideally with as many users of clinical, 
patient information in the ICU, as possible. 
At least one representative of each clinical 
staff group. 
3 Interviews - Duration: approximately 10-20 minutes, as 
the questions will have an open structure, 
duration will depend upon how long the 
interviewee talks for. I am willing to listen 
I for as long as possible. 
4 Observation 
I If needed, similar to week one. Collection of 
Questionnaires. 
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Information Sheet 
The Use of Clinical Information Systems in Critical Care -A Study in Denmark and England 
You are invited to take part in a research study. Before you decide it is important for 
you to understand why the research is being conducted and what it will involve. Please 
take time to read the following infon-nation carefully and discuss it with others if you 
wish. Ask us if there is anything that is not clear or if you would like more information. 
Take time to decide whether or not you wish to take part. 
What is the purpose of the study? 
This study is part of a PhD at the University of Salford's Health Infon-natics Research 
Centre. Health Informatics concerns the study of people, information and computers in 
healthcare. 
The aim of this research is to develop and validate a theoretical model that considers 
Clinical Information Systems (CIS) and how they correspond with the environment in 
which they are being used. This model will enable further analysis and improve 
understanding of the complex interactions between CIS and critical care work 
processes. 
This study is of one month's duration in your hospital and involves staff only. 
The research student will observe staff using the CIS in their critical care centre and will 
not attempt to participate in anyway. 
Shadowing and interviewing of two (where appropriate) representatives for each staff 
role is required (For example two nurses - representing the nurses on the ward, two 
doctors- representing the doctors on the ward, two consultants ... etc. ). If you are willing to participate in this way then please indicate this on your consent 
form. 
Do I have to take part? 
It is up to you to decide whether or not to take part. Ifyou decide to take part you ivill 
be given this information sheet to keep and be asked to sign a consent form. If you 
decide to take part you are still free to withdraw at any time and without giving a 
reason. A decision to withdraw at any time, or a decision not to take part, will not affect 
you in any way. 
What will happen to me if I take part? 
Requirements 
Permission to use a Dictaphone when interviewing - only I will hear these tapes 
and no third party will view the transcriptions of the interviews. 
Ask you to complete a questionnaire. 
The research student will visit the critical care unit four days per week. 
A table describing the activities to take place and your involvement is given overleaf. 
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Week Primary Methods and Other Tasks 
No. Task 
Introduction to staff 
Distribution of Questionnaires 
I Observation Collection of relevant documentation and 
observations 
Attendance to meetings where relevant 
Observing staff carrying out daily tasks. 
Preferably a different user of patient clinical 
2 Shadowing information in the ICU. This will involve following a member of staff as 
they carry out their work. 
Ideally with as many users of clinical, patient 
information in the ICU, as possible. 
3 Interviews Duration: approximately 10-20 minutes, as the 
questions will have an open structure, duration 
will depend upon how long the interviewee talks 
for. I am willing to listen for as long as possible. 
4 Observation If needed, similar to week one. Collection of questionnaires 
The duration of this study is approximately one month depending upon progress made 
What do I have to do? 
As mentioned above, all that is required from you is your permission to be observed and 
your consent, if you wish to participate in the interviews and shadowing, and 
completion of a questionnaire. 
What happens when the research study stops? 
The research student will produce a report of findings that will be available to you on 
request a few months after the study has taken place. 
Will my taking part in this study be kept confldential? 
All information, which is collected about you during the course of this research will be 
kept strictly confidential. Any information about you, which leaves the hospital, will 
have your name removed so that you cannot be recognised from it. 
Who is organising the funding? 
The research student receives a bursary from the university of Salford for the PhD. 
Who has reviewed the study? 
The study has been reviewed and approved by the students supervisor, the X Research 
and Development Unit and by the X Local Research Ethics Committee. Approval from 
the Y local research Ethics committee has also been gained. 
Contact for further information 
Miss Samina Munir 
Salford Health Informatics Research Environment, Faculty of Health and social care, 
University of Salford, Salford. M6 6PU. 
Tel: 0161295 3182 
Email: s. k. munir@pgr. salford. ac. uk 
Many thanks for your participation and cooperation. 
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Consent Form 
Title of Project: 
The Use of Clinical Information Systems in Critical Care -A Study in Denmark and 
England 
Name of researcher: Samina K. Munir 
Please initial box 
I confirm that I have read and understood the information sheet 
dated ...... for the above study and I have had the opportunity to ask 
questions. 
2.1 agree to this research being carried out at this ICU. 
3.1 understand that my participation is voluntary and that I am free 
to withdraw at any time, without giving any reason, without my legal 
rights being affected. 
4.1 give permission to be observed. 
5.1 would like to volunteer as an interviewee 
Appendix H 
6.1 would like to volunteer to be shadowed 
Name of staff Date Signature 
Researcher Date Signature 
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NHS Trust 
Research and Development Department 
Telephone 
Samina K Munir, PhD Research Student 
Salford Health Informatics Research Environment 
Faculty of Health and Social Care 
Frederick Road Campus, 
University of Salford 
Salford M6 6PU 
26 March, 2002 
Dear Ms Munir 
Re: R&D Registration -The role of clinical Information systems (CIS) In an 
organisational context. a multi-country perspective 
To confirm, your study is now registered with the Research and Development 
Department at ZT-vpý-iLa:, - 
This ensures that you 
arc compliant with the Department of Health requirement' to gain Trust approval 
before your study can commence. Approval from the local research ethics 
committee is also required. 
To help the R&D Department maintain a profile of Trust research and research 
outputs I would ask you to ensure that you: 
Notify the R&D Department of any publications arising from your study, 
That you advise the R&D Department of any adverse events or changes to 
protocol that might atise during the study. 
It is possible that you may be approached in accordance with Department of Health 
requirements to audit a sample (10%) of Trust research studies annually. As part of 
this exercise study records may be examined for evidence of ethics committee 
approval, evidence of consent forms and adherence to protocol. 
I look forward to hearing of the progress of your study. 
Yours sincerely 
Chairman of Research and Development Committee 
Cc ICU, --. ---7--. 
1 3.6.3, p25 "Research Governance Framework for Health and Social Care", DH March 2001 
Aloe, 
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LREC Chairman- 
TOWhoncIftx No: 
LREC PROTOCOL REF , 
Pleast Quote This Reference on AH Correspondence 
II July 2002 
Miss S Munir 
Salford Health Informatics 
Research Enviro=cnt 
Faculty of Health & Social Care 
University ofSalford 
Salford 
M6 6PU 
Dear Miss Munir 
PROTOCOL NUMBER; ZZ=7- 
The Role of Clinical Information Systems (CIS) In Critical Care ;A Multi-Country Perspective 
The above protocol. (including Patient Information Sheet and Consent Form) was considered by the 
MýE Research Ethics Committee on Friday 56 July 2002. 
1 am pleased to advise you that the committee has no ethical objection to the protocol and has approved your 
request to undertake the study subject to: 
In accordance with discussions at the meeting please confirm that you have sought thc,. hTinen consent of 
the Clinical Director in Anaesthetim and the Clinical StaffLeader in ICU prior to 
starting the research project 
A list ofthe Research Ethics Cointnittce Members is enclosed for your 
information in accordLce with the current European (CCMP) GCP Guidelines and compatible with the agreed 
International (ICH) GCP Guidelines. 
Conditions of Ethical Approval for Research Project 
1. Your research project has been given approval only in relation to its acceptability from an ethical 
point ofyiew. If, subsequently, departure from the methodology outlined in your protocol is 
contemplated, the Ethics Conunittee must be advised and the proposed changes approved. 
2. A report should also be made to the Committee, if any significant adverse reactions are noted 
during the course ofthe study, or ifthe study is abandoned for any reason. 
3. You are reminded that this ethical approval does not give management/financial approval or 
commit=nt on behalfof the Health purchasers (Health Authority or Health Cominissioners), 
the Trust or any of its Departments. It is also your responsibility to ensure that the research 
procedures comply with the Data Protection Act 1998. 
The Ethics Committee would greatly value annual progress reports concerning your research study together 
with a final report or a copy of any published paper. If the research study has to be discontinued or withdrawn 
all together, the Committee would require details ofthe circumstances which have led to this action. A 
profornia is enclosed for your use in this respect. 
With kind regards 
Yours sincerely 
_T: ný 
Cbairman 
-XIM-j'a- Research Ethics Committee 
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7- 
LOCAL RESEARCHSLtfMft9k-dbMAhil-4, hority 
Phone: 
Fax: f. JN. 
e -mail: 
31"October2OO2 
Te I: 
Miss Samina Kauser Munir Fax: ---==W 
Room P042 
www. gm=ftý'%. uk Shire 
Brian Blatchford Building 
University of Salford 
Salford 
M6 6PU 
Dear Miss Munir 
Lead LREC No: (7=NZ-, 0. 
Please quote this number on all correspondence 
The role of clinical Information systems (CIS) in critical care: a multi- 
country perspective. 
As the Chairman of C-. =ý Local Research Ethics Committee 
(LREC) I have delegated authority and have considered the locality issues 
relating to the above application. 
The issues reviewed were as follows: 
the suitability of the local researcher 
the appropriateness of the local research environment and facilities 
any specific issues that may relate to this local community 
The locality issues have been adequately addressed and the proposed research 
can be conducted in, --- 
Hospitals NHS Trust on the unclersianding that you follow the conditions set out 
below: 
Conditions of Approval 
You have a favourable opinion from LREC in 
for the ethics of the propoýýd research (this is the "Lead Local" 
LREC). 
You do not undertake this research in an NHS organisation until the relevant 
NHS management approval has been gained as set out in the Framework f& 
Research Governance in Health and Social Care. 
You do not deviate from, or make change to, the protocol without prior written 
approval of the Lead Local LREC, except where this is necessary to eliminate 
Ch a h-. 
Chief Executive: j4O--- 
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immediate hazards to research participants or when the change involves only 
logistical or administrative aspects of the research. In such cases the LREC 
should be informed within seven days of the implementation of the change. 
You must report to the LREC one year from the date on this letter and thereafter 
on an annual basis. You must also notify the LREC when your research is 
completed and in this case should be sent to this LREC within three months of 
completion. . 
You notify this LREC when you have completed your research, or if you decide 
to terminate it prematurely. 
You advise your sponsor of any unusual or unexpected results that raise 
questions about the safety of the research. 
Yours sincerely 
R 
Chairman 
C. C. Chairman/Administrator, ý"-,,. "ý---ý'ý, "-- (Lead)LREC 
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List of interview participants at each ICU site. Please note that '*' also represents the 
participants that were observed during shadowing. 
Site No. of Interviewees 
Interviews 
Ex Clinical Director 
Current Clinical Director 
System Supplier 
Doctor I* 
A 10 Doctor 2 
Sister I 
Sister 2 
Sister 3 
Nurse I* 
Nurse 2 
Clinical Director 
Doctor* 
Doctor 
Information Officer 
IT and Physiological Systems 
Manager* 
Sister 
Nurse I* 
Nurse 2 
Head of an EPR Module 
Clinical Director 
Doctor* 
Resident 
Head Nurse 
Nurse (1)* 
Nurse (2) 
Super User/Nurse (3)* 
Super-Super User /Nurse (N4) 
Clinical Director 1* 
Anaesthetist (Clinical Director 2) 
Hospital-Wide IT Implementer 
Doctor I* 
Doctor 2 
D 10 Secretary 
Nurse Manager 
Nurse I* 
Nurse 2* 
Student Nurse 
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Interview guides 
Place of Interview: Date of Interview: 
Name of Hospital: Type: Management 
Interview Questions 
GENEýRAL 
1. Clinical Role? 
2. Duration at ICU? 
3. Description of how patient info is managed on the unit? Compare to other units in 
hospital 
4. Form of CIS used on the unit? Used by ... ? Stafffrom other units? 
5. When is it used? 
6. What are its capabilities? Extent to which utilised? 
7. How does it feed into the HIS? Other units e. g. Pharniacy/Radiology? PAS? 
8. Any plans for integration? 
PROCUREMENT 
9. Why was the CIS procured? Factors influencing need for one. 
10. Procurement process? Number of suppliers? Why this supplier9 Why this system? 
11. Resources? Financial, staff an(] inanagernent support'? How supportive? Decision 
makers. 
12. Who was involved in the procurement process? 
13. Needs assessments? Staffasked or told'? To what extent where they ili-,, olved') 
14. Support from suppliers during and after implementation? Static or evolving system'? 
15. What will you do when the system becomes obsolete9 Funding? I'vlaiiaggement 
support? Maiiag), ernent of information? 
16. What if the system proved to be a strain on resources, to what extent would 
management support you? Alternative system? Resort to paper? 
I MPLEMENTATION 
17. When was the CIS first introduced on the unit? Date: 
18. Changeover? Immediate or graduate. 
19. How long before fully integrated? Staff acceptance? Parallel operations ceased? 
System used? 
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20. To what extent does the paper system (stilo operate here? 
21. Staff reaction? 
22. Staff training? New staff? Changes to the system. L_ 
23. How did the unit change in terms of work processes, tasks and information 
compared to before? (information: stot-, t,, e/1-ecording/availability/usaiý, c) 
SYSTEM 
24. What back-up procedures do you have in place for system crash or failure? To what 
extent would you be able to pick tip where voLi left oil? 
25. For what duration is patient information stored on the system? 
26. What can you do with the system? 
27. How easy is it to change the system? 
28. Who makes these alterations and how soon are they completed? 
29. Have you experienced any problems and are there things about it that you don't 
like? 
30. How many CIS do you have on the unit and where? E. g. by the bedside and more? 
A control computer? Server rooin9 
3 1. Can you see the status of all patients on one screen? 
32. Are the systems by the bedside stand-alone, or do they feed into something 
else..... Each other or a control computer (Networked)? 
33. What were and are your expectations of the CIS and do you think that they have 
been/will be realised? 
USABILITY 
34. How easy is it to enter information? 
35. Can you erase patient information once it has been entered? 
36. What security measures are in place? 
37. What if you type incorrect infort-nation? How would that be monitored? 
38. Are all staff happy to use it? 
39. When data is omitted by staff how does this affect patient care ... are there methods 
in place to detect and correct this lack of info? 
40. What other uses does the system have other than storing patient data? E. g. 
auditing/reporting capabilities? 
41. Can all staff access all the information or do different groups have different levels of 
access? 
42. How often is the system updated and by whom? 
217 
43. What do you do at peak times when every one wants to use the system to update or 
access infon-nation? 
44. Could you describe your typical day in terms of using the computer? 
45. How easy is it to print? 
INFOn-I. NTION 
46. Are staff information requirements met? 
47. What about changing shifts? I-low does this compare to bellore the CIS was 
inlrodLiced'? 
48. What do you think about the quality and accuracy of patient infonnation here? 
Accessability9 Reliability? Flexibility9 
49. Are there ever any disagreements between different user groups about the capability 
of the system? For emunple nurses and doctors will have different info 
requirements ... how are these needs met? 
50. Has it affected communication between staff in any way? Is it better/worse? 
51. Do you feel you have all the information you need? How does this compare with 
before the CIS? 
ORGANISATION 
52. Do you think the CIS has/ would change(d) anything regarding patient care? Time 
with the patient +/- etc. 
53. Please could you describe a 'typical' day from the beginning to the end of a shift? 
Basically what processes you go thrOLIVII what information you need to do your job 
and encounters xN-ith other people? 
54. What was this like before the CIS was implemented? 
55. How does the CIS fit in with your daily work, does it affect it in any way? 
56. What kind of problems do you encounter on this unit? specific / general? 
57. How easy is it to gain support from fellow workers and management in terms of 
access to resources? And staff involvement with management decisions? 
58. Do you feel involved? Who has the ultimate say in what you can or cannot do? 
59. Would you recommend your CIS to other ICUs? 
60. And finally ... what do you like the least about this unit and what do you like the 
most? 
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Place of Interview: 
Name of Hospital: 
Date of Interview: 
Type: Clinical Staff 
GI. Nl--, RAI. 
1. Clinical Role? 
2. Duration at ICU? 
3. Description of how patient info is managed on the unit? Compared to other units in 
hospital? 
4. Form of CIS used on the unit? Used by ... ? Staff ftoni offier units? 
5. When is it used? 
6. How does it feed into the HIS? Other units e. g. PharmacY[Radiology? PAS9 
PROCUREMENT 
61. Were you involved in the procurement process? To what extent? 
62. Resources? Financial, staff and management support? I-low supportive'? Decision 
makers9 
63. Who else was involved in the procurement process? 
64. Needs assessments? Staff asked or told? To what extent where theY involved'? 
65. Support from suppliers during and after implementation? Static or evolving system? 
I IMPLEMENTATION 
66. Changeover? Immediate or graduate 
67. How long before fully integrated? Staff acceptance? Parallel operations ceased9 
System used? 
68. To what extent does the paper system (still) operate here? 
69. Staff reactions, are they happy with it? 
70. Staff training? New staft? Changes to the system? 
71. Do you feel that the training and support is adequate? 
72. How did the unit change in terms of work processes, tasks and information 
compared to before? (inflormation: -, toraie/i-ecordiiiii/avtilabilitv/usti-, e) 
SYSTEM 
73. Would you know what to do if the system crashed or failed? To what extent WOUId 
you be able to pick up wbere you left off? 
74. For what duration is patient information stored on the system? 
75. What can you do with the system? 
76. How easy is it to alter the system to do what you want it to do? Undo alterations that 
you don*t like? 
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77. Who makes these alterations and how soon are they completed? 
78. Have you experienced any problems and are there things about it that you don't 
like? 
79. What were and are your expectations of the CIS and do you think that they have 
been/will be realised? 
USABILITY 
80. How easy is it to enter information? 
81. What if you type incorrect information? Erasure? Audit trails? Are all staff happy to 
use it? 
82. When data is omitted by staff how does this affect patient care... are there methods 
in place to detect and correct this lack of information? 
83. What other uses does the system have other than recording/storing patient data? E. g. 
auditing/reporting capabilities? 
84. Can all staff access all the information or do different groups have different levels of 
access? 
85. How often is the system updated and by whom? How often is information updated 
by the bedside? 
86. What do you do at peak times when every one wants to use the system to update or 
access information? 
87. Could you describe your typical day in terms of using the CIS? Your inforniation 
requireinents etc. 
88. How easy is it to make copies of the information /print? 
INFURTNIATION 
89. Are staff information requirements met? Improved or diininished since its 
introduction? 
90. What about changing shifts? How does this conipare to betore the CIS was 
introduced" 
91. What do you think of the quality and accuracy of patient information? For the better 
/worse? Accessibility? Reliability? Flexibility? 
921. Are there ever any disagreements between different user groups about the capability 
of the system? For example nurses and doctors will have different info 
requirements ... how are these needs met'? 
93). Has it affected communication between staff in any way? Is it better/worse? 
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94. Do you feel you have all the information you need? How does this compare with 
before the CIS? 
ORGANISATION 
95. Do you think the CIS has /would change(d) anything regarding patient care? Time 
With the patient -1 /- etc. 
96. Please could you describe a 'typical' day from the beginning to the end of a shift? 
Basically wbat processes you go through what information you need to do yourjob 
and encounters with other people? 
97. What was this like before the CIS was implemented? 
98. How does the CIS fit in with your daily work, does it affect it in any way, make 
your working life better or worse? 
99. What kind of problems do you encounter on this unit? Are they specific to this unit 
or more general? 
100. How easy is it to gain support from fellow workers and management in terms of 
access to resources? And staff involvement with management decisions? 
101. Do you feel involved? Who has the ultimate say in what you can or cannot do 
and who controls the resources? 
102. Would you recommend your CIS to other ICUs? 
103. And finally ... what do you like the least about this unit and what do you like the 
most? 
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Avvendix NQuestionnaire cover sheet for Sites A and B. 
As staff of this Intensive Care Unit (ICU) you are being asked to complete this questionnaire as 
part of a research project at the University of Salford, UK. Your ICU is one of four units in 
Denmark and the UK that is participating in this research. 
The research is about how different healthcare professionals within an ICU use and manage patient 
information, specifically via a Clinical Information System. Clinical Information Systems require 
substantial investment in tenns of finance, staff and time. It is therefore important that they are able 
to satisfy staff information requirements, so that they can be used optimally to help deliver the best 
possible care for patients. 
Your input is important because it will enable us to gauge your information needs and your views 
and experiences of the CIS that is used in your unit. This is so that we are better able to understand 
how such systems can best be integrated into hospital environments. 
The questionnaire should take about 15 minutes to complete. It is fast to complete as it mostly 
involves ticking boxes. 
Anything you write in the questionnaire or say to me will remain confidential. It will not be 
possible to identify any individual who participates, so please beftank and open about your views. 
Once you have completed the questionnaire, please place it in the envelope provided in your ICU 
or hand it back to me. I should be on the unit for about 4 weeks. 
If you have any queries at any time, please contact me, Samina Munir. 
Email: s. k. munir@pgr. salford. ac. uk) ) Tel: 0 161295 3182. 
Terminology: I have used the term clinical information system (CIS) to 
mean any system that manages patient information, this may be paper- 
based and / or computerised. 
Please answer all the questions in the questionnaire as accurately as possible and to the best of your 
knowledge. Where you are offered options, please tick the relevant box(es). Any comments that 
you can add at any point will be very welcome. 
Thank you for your time and co-operation. 
Samina Munir 
222 
AppendixO Questionnaire cover sheet for Site C 
As staff of this Intensive Care Unit (ICU) you are being asked to complete this questionnaire as 
part of a research project at the University of Salford, UK. Your ICU is one of four units in 
Denmark and the UK that is participating in this research. 
The research is about how different healthcare professionals within an ICU use and manage patient 
information, specifically via a Clinical Information System. Clinical Information Systems require 
substantial investment in terms of finance, staff and time. It is therefore important that they are able 
to satisfy staff information requirements so that they can be used optimally, to help deliver the best 
possible care for patients. 
Your input is important because it will enable us to gauge your information needs and your views 
and experiences of the CIS that is used in your unit. This is so that we are better able to understand 
how such systems can best be integrated into hospital environments. 
The questionnaire should take about 15 minutes to complete. It is fast to complete as it mostly 
involves ticking boxes. Anything you write in the questionnaire or say to me will remain 
confidential. It will not be possible to identify any individual who participates, so please be ftank 
and open about your views. 
Once you have completed the questionnaire, please place it in the envelope provided in your ICU 
or hand it back to me. I should be on the unit for about 4 weeks. 
If you have any queries at any time, please contact me, Samina Munir. 
Email: s. k. munir2pgr. salf6rd. ac. uk) during the study and (+44 161295 3182) after. 
Terminology: I have used the term clinical information system (CIS) to 
mean any system that manages patient information, this may be paper- 
based and / or computerised. 
Please answer all the questions in the questionnaire as accurately as possible and to the best of your 
knowledge. Where you are offered options, please tick the relevant box(es). Any comments that 
you can add at any point will be very welcome. 
Thank you for your time and co-operation. 
Samina Munir 
Please Note: You are very welcome to write your comments in Danish if you wish to do so. I 
will remove the back pages about demographic information so that if someone from this 
department translates it, then it will not be possible to identify you. 
Kxre Lwper og pleiepersonale pA intensiv afsnit, Name of Site C 
I bedes udfylde dette spOrgeskerna og aflevere det senest mandag, den 13. januar PA 
sekretxrkontoret I Samina's kasse. PA forhAnd TUSIND TAK for hjwlpen. Mvh. Samina Munir, 
PhD studerende 
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AppendixP- Questionnaire cover sheet for Site D 
Clinical Information Systems in Intensive Care 
As staff of this Intensive Care Unit (ICU) you are being asked to complete this questionnaire as 
part of a research project at the University of Salford, UK. Your ICU is one of four units in 
Denmark and England that is participating in this research. 
The research is about how different healthcare professionals within an ICU use and manage patient 
information, specifically via a Clinical Information System. Clinical Information Systems require 
substantial investment in terms of finance, staff and time. It is therefore important that they are able 
to satisfy staff information requirements so that they can be used optimally, to help deliver the best 
possible care for patients. 
Your input is important because it will enable us to gauge your information needs and your views 
and experiences of the CIS that is used in your unit. This is so that we are better able to understand 
how such systems can best be integrated into hospital environments. 
The questionnaire should take about 15 minutes to complete. It is fast to complete as it mostly 
involves ticking boxes. Anything you write in the questionnaire or say to me will remain 
confidential. It will not be possible to identify any individual who participates, so please be frank 
and open about your views. 
Once you have completed the questionnaire, please place it in the envelope provided in your ICU 
or hand it back to me. I should be on the unit for about 4 weeks. 
If you have any queries at any time, please contact me, Samina Munir. 
Email: s. k. munir@pgr. salford. ac. uk) during the study and (+44 161 295 3182) after. 
Terminology: I have used the term clinical information system (CIS) to 
mean any system that manages patient information, this may be paper- 
based and / or computerised. 
Please answer all the questions in the questionnaire as accurately as possible and to the best of your 
knowledge. Where you are offered options, please tick the relevant box(es). Any comments that 
you can add at any point will be very welcome. 
Thank you for your time and co-operation. 
Samina Munir 
Please Note: You are very welcome to write your comments in Danish if you wish to do so. I 
will remove the back pages about demographic information so that if someone from this 
department translates it, then it will not be possible to identify you. 
Kwre Loeger og plejepersonale pi intensiv Name of Hospital 
I bedes udfyIde dette spOrgeskema og aflevere det senest mandag, den 2. December I den 
grd bakke pA sekretwrkontoret (Samina's spOrgeskemaer). Pd forhdnd TUSIND TAK for 
hixIven. Mvh. Samina Munir, PhD studerende 
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Appendix Q- Questionnaire 
This section is about the Clinical Information System (CIS) that is used in your ICU 
Q1. Do you consider a computerised CIS to be useful? 
Very useful 
Useful 
Of some use 
Of no use 
Please explain your answer 
Q2. Do you use: 
A computerised C Go to Q3 
A paper-based C!: Go to Q4 
Both Go to Q3 
Q3. Were you working at this ICU when the computerised CIS was first introduced? 
Yes Go to Ma 
No Go to Q4 
Ma. Were you involved in the process of choosing the computerised CIS that is 
used in your ICU? 
YesF--] Please explain 
No F7 
Please explain what this involvement entailed. 
225 
Q3b. Were you consulted about what you wanted the CIS to be able to do? 
Yes 
No 
Q3c. How long have you been using this CIS 
Q3d. Did you have any other input? 
Yes [-ý Please explain 
No F7 
Please explain what this input was. 
Q4. What expectations did you have of the CIS that you use? Please list them. 
Q5. Do you feel that the CIS functions as you expected? 
Exceeds my expectations 
Meets my expectations 
Is below my expectations 
Please explain 
Q6. How important is it for you to receive training to use a CIS? 
Very Important 
Important 
Of some importance 
Unimportant 
Q7. Were you given any training to use your CIS? Please tick the relevant options below. 
Electronic 
CIS 
Paper-based CIS 
Received - very useful 
Received - useful 
Received - not useful 
Did not receive 
Not relevant 
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Q8. How often are you given training to use the CIS? Please tick the relevant 
ODtions below. 
Electronic 
CIS 
Paper-based CIS 
Once - when I started working at this iCU 
Every time the system is changed in any 
way 
When ever we are told to 
At least twice a year 
Never 
Q9. What would you do if the CIS that you use was damaged? E. g. if the electronic CIS 
crashed or if the paper work was lost or mislaid. 
Q10. Have you ever experienced any problems with the CIS? 
Yes Explain and then go to Q1 Oa 
No Go to Q1 I 
Please explain 
Q10a. Do you receive adequate support to deal with the problems that arise? 
Yes 
No 
Pý 
Please explain 
Please state what kind of support you would like to see 
Q1 1. The following question is about how easy it is to use your CIS for tasks such as 
entering, viewing and printing information. For those who use a paper-based system the 
'printing' option does not apply. 
Accessing patient information for viewing 
Strongly 
agree 
Agree Uncertain Disagree Strongly disagree 
Is fast 
Is easy to use 
Is flexible 
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Accessing patient information for entering data 
Strongly 
agree 
Agree Uncertai 
n 
Disagree Strongly disagree 
Is fast 
Is easy to use 
Is flexible 
Accessing patient information for printing 
Please add any other comments you believe to be of importance 
Q12. Please tick the statement about your CIS that best matches your opinion. 
I refuse to use it 
I try to avoid using it 
I only use it for the bare minimum 
I use it because I have to 
It makes no difference to me 
I don't mind using it 
I like using it 
Q12a. If you don't like using the CIS, please explain why. 
Strongly 
Ag ree 
Agree Uncertain Disagree Strongly Disagree 
I have too much else to do 
It's a hindrance 
It's too complicated 
It doesn Y do what / want it to 
It takes too much time 
don't like typing in the CIS 
I don't like writing in the CIS 
It interferes with caring for the patient 
If you have any other reason(s) please state below. 
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I The following questions ask you to compare a paper-based and computerised CIS 
Q13. Which format do you prefer for your CIS? Please tick one option that indicates your 
preference 
Strong preference for computerised CIS 
Slight preference for computerised CIS 
No preference of type of CIS 
Slight preference for paper 
Strong preference for paper 
Q14. Can you.... (Please tick one option) 
... 
Do more with an electronic CIS than with a paper-based one? 
... 
Do less with an electronic CIS than with a paper-based one? 
... Do the same with both 
Uncertain 
Please comment 
Q15. From which system would you trust the information more? Please tick one option. 
Strong preference for computerised CIS 
Slight preference for computerised CIS 
No preference of type of CIS 
Slight preference for paper 
Strong preference for paper 
Please comment 
Q16. Which system do you think gives you more time with the patient? 
Strong preference for computerised CIS 
Slight preference for computerised CIS 
No preference of type of CIS 
Slight preference for paper 
Strong preference for paper F-7 
Please comment 
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Q17. In general which system do you believe to be better at informing all healthcare provider 
groups about the patient? E. g. Nurses, Doctors, nurses, physiotherapists, pharmacists 
etc. 
Strong preference for computerised CIS 
Slight preference for computerised CIS 
No preference of type of CIS 
Slight preference for paper 
Strong preference for paper 
r-1 
Please comment 
Q18. This question is asking you about the system and not the Information that it contains. 
For each factor, please tick the better of the two systems. Tick the 'Both'option if you 
think that both the systems rate the same. 
Electronic 
cis 
Paper-based 
cis 
Both the 
same 
More reliable 
More useful 
More flexible (in terms of how adaptable it is and 
the variety of things that you can do with it) 
Faster to access patient Information 
Faster to view patient Information 
Faster to enter patient information 
Easier to access patient information 
Easier to view patient information 
Easier to enter patient information_ 
Q18a. Please rate the importance of these factors for a CIS 
Of Great 
Importance Important 
Some 
importanc 
No 
Importanc Don't know 
Reliability 
Usefulness 
Flexibility (in terms of how adaptable it is 
and the variety of things that you can do 
with it) 
Speed of access to patient Information 
Speed of viewing patient Information 
Speed of entering patient information 
Ease of access to patient information 
Ease of viewing patient information 
Ease of entering patient information 
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I Thefollowing quesh . ons are about your information requirements 
I 
Q19. What information do you require in order to provide care for the patient? Please state 
e. g. Patient Care Plan, Medical Notes, Vital Signs etc. 
Q20. Do you feel that your information requirements are met? Please tick the option that 
applies to you. 
Always 
Most of the time 
Sometimes 
Never 
Don't know 
Q20a. How would you like to see this improve? 
Please explain 
Q21. In terms of the CIS information content, please rate which type of system you believe 
to be better. 
Electronic 
cis 
Paper-based 
cis 
Can't 
distinguish 
Provides more reliable information 
Provides more relevant information 
Provides more useful information 
Provides more accurate information 
More flexible (in terms of how adaptable the 
information is and the variety of things that you 
can do with the information) 
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Q22. How much do you think things change with the introduction of an electronic CIS? Please 
select one option. 
Major changes 
Some changes 
Minor changes 
No change 
Please explain 
Q23. In your opinion, would you say that the CIS is ...... (please select one option) 
... Fully integrated into the ICU 
... Partially integrated into the ICU 
... Not integrated into the ICU at all Please explain 
Q24. Do you feel that the CIS makes your work ..... (Please select one option) 
... Much better 
** Better 
... No change 
'* . Worse 
... Much worse 
Please explain 
Q25. What do you like the most about the CIS that you use? Please state below. 
Q26. What do you like least about the CIS that you use? Please state below. 
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Q27. Would you recommend the CIS that you use to other hospitals? 
Yes definitely 
Yes, with reservation 
Maybe 
Probably not 
Definitely not 
Please explain 
Thefollowing questions are about your role in he ICU andyour relationship with other staff. 
Q28. How involved are you in the decision making process about your ICU, the patient and 
Q29. Do you think that your input is considered to be of any value by management? 
Yes, very valuable 
Yes, of some value 
Not sure 
Of no value 
If you answered 'other' please explain 
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Q30. Which of the following statements describes you best? 
Strongly 
agree 
Agree Uncertain Disagree Strongly disagree 
I like to develop contacts 
I like to solve difficult problems 
I like to organise people and resources 
I like to challenge convention 
I like to evaluate all options before I make a 
judgment 
I like to cooperate, avert friction and listen to 
others 
I like to put my ideas into action 
I give much attention to detail and like finding 
error and omissions 
I provide a skill or knowledge to the group that is 
in rare supply. 
Q31. What do you like the most about your ICU? 
Information about. yOu 
Please complete this section as accurately as possible. Please remember that it is impossible to identify youfrom 
the information you provide. 
Q33. What is your job title and what other jobs do you do in the ICU? If you have more than 
one job title, please state them all. 
How lonq have vou worked in these roles? 
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Q35. How long have you worked in an ICU? 
Q36. How long have you worked at your present place of work? 
Q37. Are you: 
Male 
FemaleR 
Q38. Do you use a computer when not at work? 
Yes Go to Q38a 
No You have finished (P. T. 0) 
Q38a. Do you enjoy using a computer? 
Yes, very much 
Yes, sometimes 
Not much 
Not at all 
Q38b. How often do you use a computer when not at work? 
Daily 
3-4 times per week 
1-2 times per week 
Every other week 
Once a month 
Less than once a month 
If you have any other comments that you would like to add please feel free to do so. If you wish 
to add additional pages to the questionnaire with you comments please don't hesitate to do so. 
I appreciate that you are very busy. I thank you greatly for all your input. Please place the 
completed questionnaire in the envelope provided in your ICU or hand it back to me. The 
results of this questionnaire will be available March 2003. If you require a copy please feel free 
to contact me. 
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Appendix R- Questionnaire Results 
Questionnaire Results for All Sites 
Results for each question are given as percentage respondents for each Site. The greatest 
occurrence for each Site is highlighted in bold, and the most inftequent is highlighted in 
italics, where this is appropriate. 
For questions where respondents may choose more than one option, the number of people 
who select each option is given, hence the total for a question may sum to greater than 
100%, this can also be caused by rounding errors. 
Total respondents per question are also given. A number below 100% indicates that not all 
respondents answered this question. 
0 Free text answers are collated, and numbers of respondents are given in brackets, with total 
percentage of respondents at the end of each question. 
0 Comments have been collected and written below the question, where relevant. The 
frequency of occurrence for each comment is given in brackets. Please note that each person 
may give more than one comment, therefore the total may sum to greater than 100% in 
some cases. 
Site 
A B c D 
75 75 75 70 
31 14 7 11 
41% 19% 9% 16% 
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Q1. Do you consider a computerised CIS to be useful? 
Very useful 87 1 57 01 36 
Useful 13 36 71 46 
Of some use 0 7 29 18 
Of no use 0 0 0 0 
V M., 100 100 100 100 
Please explain your answer 
Site A 
* Easier to use: Legible notes; immediate access; easier to find information; Systematic 
organisation; collated data bank and easily accessible (9) 
4 Good storage and recording mechanism (2) 
* Automated data download and calculations (2) 
* Accurate (1) 
4 Saves time (3) 
* Multidisciplinary access (1) 
* Minute by minute collection of data (2) 
* Reduced paper work and environmentally friendly (3) 
Site B 
* To obtain patient data, observations and history (1) 
* Avoid repetition of investigation (1) 
# Rapid data access (7) 
* Can take longer (1) 
* Useful if it saves time but would need a back-up system (1) 
* If it means a paperless working environment then this can only be good (1) 
* Less time spent on written notes and no errors when replicating data (1) 
* I could go back to the system any time (1) 
* The information can be readily available, efficient and easy to use (1) 
Site C 
* Technical Hiccups always frustrating and annoying hence not very useful (1) 
* A good thing is that we do not have to write a lot of numbers down. The bad thing is that the 
computer registers all numbers uncritically and that the system is not very flexible and it is hard 
to have a quick 'overview' (1) 
* Work saving possible for collecting data for statistical purposes (1) 
* Systemization of data, standardization of data, more correct data (1) 
* It will up to a point save us time. But with the problems always associated with computers 
(breakdowns, malfunctions, electricity failure) it could be a nuisance at times. It will also help us 
collect data more efficiently once the entire system works. (1) 
4 We started using a computerized CIS a couple of months ago in my unit. There have been a lot of 
technical problems. I find the system slow. (1) 
S ite D 
* Fast - The newest information is always available. It's easy to go back and check up on poor 
decisions (1) 
* If it works it will of course be more than some use. So far I am somewhat skeptical (1) 
* Paper won't disappear but computers may go 'down' (1) 
4 1 mean the Lab system is very useful. (1) 
* A good computerized version could make better organization of data and make them more easily 
available. I do however have fears concerning system user friendliness and speed. (1) 
# Accessible everywhere, simultaneously - robust - less storage space (1) 
4 It is always available and easy to read (1) 
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Q2. Do you use? 
Q3. 
AI B_ C D 
A computerised CIS 77 36 57 0 
A paper-based CIS 0 50 0 45 
Both 
Pl mil Iff"I mit 
19 
96 
14 
100 
43 
, 100 
55 
100 
Were you working at this ICU when the computerised CIS was first introduced? 
AI B_ C D 
Yes 58 0 100 36 
No 39 0 0 27 
No com i uterised CIS 0 
97 
100 
100 
0 
100 
0 
1 63 
Q3a. Were you involved in the process of choosing the computerised CIS that is 
used in your ICU? 
A B c D 
Yes 16 0 14 0 
No 52 0 86 55 
No com uterised CIS 
l(W 
0 
68 
100 
100 1 00 
0 
00 
0 
55 5 
Q3b. Were you consulted about what you wanted the CIS to be able to do? 
A B C D 
Yes 32 0 29 9 
No 32 0 71 46 
No com uterised CIS 0 
64 
100 
0 
0 
, 100 
0 
, 
55 
Please explain what this involvement entailed. 
Site A 
* Attendance at talks on different CIS on the market (1) 
* As well as a specialised implementation team ICU staff were considered via an 'ideas' book (1) 
* Assessment and evaluation of several systems; Tendering process (1) 
* Chose the software for ease of use admin wise (1) 
* Not consulted initially but once installed had better idea of what it could do. (1) 
Site B 
# No comments 
Site C 
* Heading the group of staff that has done the clinical implementation of the CIS (PDM) (1) 
Site D 
* No comments 
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Q3c. 
Q3d. Did you have any other input? 
A B C D 
Yes 13 0 14 0 
No 52 0 29 36 
No co w uterised CIS 
gatill 11.11,2111411 AM 11-11 Lei Im 
0 
65 
100 
100 
0 
43 
0 
36 
Please exvlain what this inout was. 
Site A 
* Involved in cascading training (1) 
* Formulated the care plans for the CIS (1) 
#I was a trainer for the system (1) 
Site B 
* No comments 
Site C 
+ Paper (lab results- patients j ournal) (1) 
Site D 
* No comments 
Q4. What expectations did you have of the CIS? Please list them. 
Site A 
Positive Expectations 
Information: Accessible; Accurate storage, retrieval and use; Comprehensive (5) 
System: Automatic and continuous downloads (4) 
Governance: Maintain patient privacy; facility to undertake audit (4) 
Communication: Dr's notes accessible; Improve communication; multi-disciplinary entry (4) 
Efficiency: Easy and fast to use, access and store; Paper free; Less time consuming results search; 
reduced paper work (17) 
Negative Expectations 
Time consuming (2) 
In accuracy's (2) 
Fear of losing information (2) 
Steep learning curve (1) 
Complicated (1) 
Site B 
* Fast (7) 
* User friendly (8) 
4 Clear information (2) 
* Reliable (8) 
* Easy to access (7) 
* Efficient (2) 
How long have you been using this CIS? 
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0 
* 
* 
* 
* 
* 
* 
* 
Comprehensive (2) 
No replication of written data (2) 
Gives you an overview of the patient condition at a glance (1) 
Can see deterioration in patient (1) 
Useful (1) 
To be multi-disciplinary (1) 
Trend setting (1) 
Applicable to practice (1) 
Site C 
* 
* 
* 
* 
* 
Efficiency: Easy and fast to use, better over all view (3) 
System: Automatic number registration and possibility of statistics (2) 
Ease: Access/ Use, Easy to find information (3) 
Governance: Easy to see who has looked at it (1) 
Precise: Standardisation, systeniatic filing, retrieve-ability of data (1) 
Site D 
* Efficiency: Easy and fast to use, access and store; Paper free; Less time consuming results search; 
reduced paper work 
* 
0 
* 
Speed: Fast (3) 
System: Logical (1) 
Ease: Access/ Use, Easy to find information (10) 
0 
4 
Reliability: (2 
Availability: Always at hand (2) 
* Safety: (2) 
* 
4 
Precise: (3) 
Complete: Sufficient information about the patient (1) 
* Secure: (I) 
* Simple: (1) 
Q5. Do you feel that the CIS functions as you expected'? 
A B C D 
Exceeds my expectations 29 7 0 0 
Meets my expectations 55 43 71 64 
Is below mX ex2ectations 
tI1 
3 
87 
50 
100 
29 
, 
100 
36 
100] 
Please ext)lain 
Site A 
* Easier to retrieve information about past patients (1) 
* Would like access to patient history on admission (1) 
* Audit facility would improve the system (2) 
+ Able to record much more detailed information than expected (2) 
* Much more user friendly than initially due to continuous changes (2) 
* Fearful of system initially as used to pen and paper all my life (1) 
* Performs all nursing information satisfactorily (1) 
* It is very simple and I don't have to wait (1) 
* No preconceived expectations (1) 
* Unsatisfactory method of transferring patient from ICU to HDU and vice-versa (1) 
Site B 
It meets my expectations (1) 
Slow (2) 
Unfriendly (1) 
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* Unreliable (1) 
* Counter-intuitive (1) 
* When I want to send samples I choose the CIS as it saves time in writing and I can view the 
results whenever I want (1) 
* Know this system from other workplace where hardware was not up to date and therefore CIS was 
incredibly slow (1) 
# Poor care plan and nursing documentation although this has been condensed with introduction of 
new care plan (1) 
* At present there is a lot of written data which requires replication when needed in other 
environments, observations and fluids have to be hand transferred to ward documents (1) 
* Charts are upside down (1) 
* Not easy when you want to compare settings to the previous day (1) 
* Computerised (1) 
* Less manpower (1) 
* Less time, memory storage, data storage (paper-based) (1) 
* Direct picture can be obtained, difficult for future, limited space, poor storage (1) 
* Clinical work station always breaking down (1) 
# Writing out your assessment every morning is very time consuming and laborious. It is very rare 
that I refer back to what I have written previously (1) 
Site C 
* Not computer wise but once the system is up an running it works well (1) 
* Not very flexible 1) 
* I don't expect it to work perfectly yet but in time I am sure it will improve (1) 
Site D 
* The green system is a bomb and the Lab system is okay (1) 
* Mostly, sometimes the (Paper) CIS is not at the spot where you need it - sometimes the decisions 
from other colleagues have not yet been written (1) 
* Could be faster (1) 
* All breakdowns are disturbing (1) 
* It's not perfect but works most of the time (1) 
* It (the pa2er system) is not at all fulfilling my expectations (1) 
Please note respondentsfrom hospitals where both systems operate may select an optionfor each type 
of system Le., electronic andpaper based. 
Q6. How important is it for you to receive training to use a CIS? 
Very important 71 1 57 72 1 18 
Important 26 29 14 36 
Of some importance 3 14 14 46 
Unimportant 0 0 0 0 
100 100 100 100 
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Q7. Were you given any training to use your CIS? Please tick the relevant options below. 
Site A Site B Site C Site D 
Received - verý 
useful 
I 55 0 21 I 14 0 0 0 9 
Received - useful 45 0 29 0 100 0 46 36 
Received - not 
useful 
0 0 21 7 0 0 0 0 
Did not receive 0 0 0 36 0 0 18 55 
Not relevant 10 0 01 7 0 0 9 0 
100 0 71 1 64 100 0 73 100 
Q8. How often are you given training to use the CIS? Please tick the relevant options below. 
Site A Site B Site C Site D 
Once when 1 26 0 50 21 28 29 46 55 
started at the ICU 
Every time the 
system is changed 71 0 0 14 29 0 0 0 
in any way 
Whenever we're 3 0 0 0 14 0 9 0 
told to 
At least twice a 0 0 0 0 
year 
Never 0 0 21 21 0 0 18 36 
100 0 71 57 71 29 73 
Q9. What would you do if the CIS that you use were damaged? E. g., If the electronic CIS crashed or 
if the paper work was lost or mislaid? 
Site A 
* Revert -Revert to paper (21) 
* Ask - Ask for assistance (3) 
* Report - Report to nurse in charge (7) 
* Contact - Contact system help line (4) 
0 Unexpected - Should not happen (1) 
* Maintain - Transfer data on to system wlicii back in service (1) 
Site B 
* Report it to Nk-ard in charge (4) 
* I would revert to paper, but difficult as form is not available (7) 
# Try to locate from previous patient hospital, talk to relatives refer, to documents 
* Be in trouble! 
Site C 
# 
4 
Rcvert to Paper (4) 
Try to recover the data (1) 
* Gather new data (1) 
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Q10. Have vou ever exnerienced anv problems with the CIS? 
c D 
Yes 58 64 86 73 
No 1 42 36 14 27 
loo loo loo loo 
Please explain 
Site A 
* The machine sometimes crashes (4) 
4 Only in the beginning (1) 
* Too slow reading archive (1) 
* Becomes slow when patient admitted for a long period of time (1) 
0 Screen freezes sometimes (6) 
# Minor data entry problems - missing data (2) 
Site B 
4 Crashes (1) 
* Couple of times when I couldn't change my password (1) 
* Sometimes printer doesn't work (2) 
* Server down (2) 
* Lab computer crashed so we had no request forms for investigations, required forms made, all 
request made via old methods. (2) 
* Slow (2) 
Site C 
* More comprehensive introduction to the system would have bettered the start up period (1) 
* Lots! There have been many start up problems for both the computers and the staff For example 
the numbers values has disappeared for hours from a patient, nothing was kept and so no 
documentary on the patients state. (1) 
* Several unexplained difficulties in the first weeks - many probably due to wrong use- fewer 
problems after the upstart period (1) 
* User mishandling of CIS - crash down, Software instability, Hardware problems (1) 
* Computer failure: failure to obtain relevant data or to find the data I required. (1) 
# Many. Among others the system being very, very slow and data as pulse, blood pressure etc. not 
transmitting to computerized CIS (1) 
Site D 
+ Denied access - Breakdown of the system (3) 
* I use it very little (1) 
* Files were lost or temporarily misplaced (2) 
* When nurses who are not permanent start to fill out the paper, there are a lot of problems (1) 
# Downtime, error messages, lost passwords (1) 
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Q10a. Do you receive adequate support to deal with the problems that arise? 
A B C D 
Yes 68 21 57 9 
No 0 29 29 64 
68 50 86 73 
Plpncp Qtntp whnt L-ind nf,. iinnnrt vnii wmild like tn qee 
Site A 
* Onsite software development and trouble shooting (1) 
* More expertise colleagues give us a hand (2) 
Site B 
4 Slow to respond (3) 
0 1 would like a help in the system itself instead of contacting the IT department (2) 
# No training given on trouble-shooting (1) 
Site C 
* Resources to deal with problems are too scarce - both for user problems and software problems (1) 
0 We need an around the clock support to help us retrieve data if the system crashes - or a member 
to teach our new staff how to use the paper based CIS in case the electronic base fails us. (1) 
Two nurses. Some doctors and others worked with the system for one year before we started using 
it. A group of nurses were given more lessons than others in order to give support but there is not 
always one of these persons present in the ICU. Technicians can only be called in daytime. (1) 
Site D 
# Hot-line and personal assistance (1) 
* Technician was called but did not feel responsible (1) 
* The whole CIS has just been started (1) 
0 Trouble shooting (1) 
* More user orientated interface (1) 
0 We don't back up paper records (1) 
Q1 1. The following question is about how easy it is to use your CIS for tasks such as entering, 
viewing and printing information. For those who use a paper-based system the 'printing' option 
does not apply. 
1 La Accessing patient information for viewing 
Si te A 
Is fast 16 71 3 0 0 90 
Is easy to use 16 74 0 0 0 90 
Is flexible 1 7 58 1 13 13 0 81 - JLQQa 39 203 16 3 o 
Si te B 
Is fast 7 43 14 7 1 14 93 
Is easy to use 14 57 14 7 0 93 
Is flexible 7 36 29 7 7 86 
28 136 '57 21 21 
-zA 
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Site C 
Is fast 14 57 0 29 0 100 
Is easy to use 0 71 0 29 0 100 
Is flexible 0 57 29 14 0 100 
Total Per Catego 14 185 29 72 
Si te D 
Is fast 46 36 18 0 0 100 
s Is easy to use 0 73 9 18 0 100 
I Is I s flexible 0 18 46 1 36 10 100 
46 127 73 1 54 10 
1 Lb Accessing patient information for entering data 
I Site A 
I I 
Is fast 26 65 7 0 0 98 
Is easy to use 19 65 0 0 0 84 
Is flexible 10 52 13 7 0 82 
182 20 7 0 
Si te B 
Is fast 7 29 21 29 0 86 
Is easy to use 7 57 14 21 0 100 
Is flexible o 29 29 29 0 87 
I igamraMm 14 115 64 79 9 
Is fast 0 57 29 14 0 100 
Is easy to use o 72 14 14 0 100 
Is flexible 0 43 43 14 0 100 
1-1 UTT 1-1-1 86 42 0 
Si te D 
Is fast 0 36 46 is 0 100 
Is easy to use 9 27 37 27 0 100 
Is flexible 0 0 55 36 9 100 
IF MI.. '! 9 63 1 138 1 81 9 
245 
I Lc Accessing patient information for printing 
Site A 
Is fast 29 55 7 71 0 98 
Is easy to use 19 65 0 0 0 84 
Is flexible 16 48 1 10 10 0 84 
-i 1 64 168 17 17 o 
Site B 
Is fast 7 14 29 14 0 64 
Is easy to use 14 21 21 14 0 71 
Is flexible 7 29 7 7 64 
28 8 49 79 35 7 
Site C 
Is fast 0 43 57 0 0 100 
Is easy to use 0 57 43 0 0 100 
Is Is flexible 0 1 43 57 0 0 100 
143 157 0 0 
Site D 
Is fast 18 36 9 9 0 72 
Is easy to use 18 46 0 9 0 73 
Is flexible 0 27 27 18 0 72 
am I Q'IFTM 36 109 36 36 0 
Please add anv other comments vou believe to be of imoortance. 
Site A 
* Printer trouble (4) 
4 Can't always find things immediately when in a rush (1) 
* Relies on typing skills therefore slow initially (1) 
Site B 
0 Printing instructions not clear (1) 
* Slow when there are multiple users, and sometimes times out (1) 
* Entering data: old multi screens are no longer in use, too many different screens (1) 
* Too much paper and separate sheets make it difficult to write cases and conditions (1) 
* Personally I find the old system time consuming of little importance and old fashioned (1) 
Site C 
# I have not been printing yet (1) 
* Difficulty in connecting different data sets (1) 
4 1 am not uncertain but I don't entirely agree either. It is easier to access the paper based CIS if I'm 
in a hurry. Mainly because the electronic-based needs passwords to get in - and that takes time (1) 
Site D 
* Depends upon the secretary (1) 
* I think it is very hard for me to answer because I use it very little (1) 
4 Log in is too long procedure (1) 
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Q12. 
012a. If you don't like using the CIS, please explain why. 
Site A 
I've too much else to do 7 0 0 0 0 
It's a hindrance 7 0 0 0 0 7 
It's too complicated 7 0 0 0 0 7 
It doesn't do what I want 
it to 
0 0 0 7 0 7 
It takes too much time 7 0 0 0 0 7 
1 don't like typing in the 
cis 
0 7 0 0 0 7 
I don't like writing in the 
cis 
7 0 0 0 0 7 
It interferes with caring 
for the atient 
7 0 0 
- 
0 
- 
0 7 
11j1n-6,, 7m 4- -i7 0 T 7 
Site B 
I've too much else to do 0 14 0 14 0 28 
It's a hindrance 0 14 0 14 0 28 
It's too complicated 0 7 0 21 0 28 
It doesn't do what I want 
it to 
7 0 7 14 0 28 
It takes too much time 0 21 0 7 0 28 
1 don't like typing in the 
cis 
0 14 7 7 0 28 
I don't like writing in the 
cis 0 14 7 7 
0 28 
It interferes with caring 
for the patient 
0 21 0 7 0 28 
7 105 21 91 0 
Site C 
I've too much else to do 0 0 29 0 0 29 
It's a hindrance 0 14 14 0 0 28 
It's too complicated 14 0 0 14 0 28 
It doesn't do what I want 
it to 
0 0 29 0 0 29 
it takes too much time 14 0 14 0 0 28 
1 don't like typing in the 
cis 
0 0 0 29 0 29 
I don't like writing in the 0 0 0 29 0 29 
Please tick the statement about your CIS that best matches your opinion. 
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cis I 
interferes with caring 
for the iatie tI 
0 14 0 0 0 14 
Kilt: Ism ýý3 PH II MWIM 28 28 86 72 0 
Site D 
I've too much else to do 0 11 0 1 0 2 
It's a hindrance 0 1 0 0 1 2 
It's too complicated 0 0 1 0 1 2 
It doesn't do what I want 
it to 
0 2 0 0 0 2 
It takes too much time 0 1 0 1 0 2 
1 don't like typing in the 
cis 0 0 0 2 0 2 
I don't like writing in the 
cis 0 0 0 2 0 2 
It interferes with caring 
atient for the ; 
0 0 1 1 0 2 
. u 5 2 7 2 
Q13. What format do you prefer for your CIS? Please tick one option that indicates your preference 
A B C D 
Strong preference for computerised CIS 71 50 43 36 
Slight preference for computerised CIS 13 29 14 46 
_ No preference of type of CIS 13 7 29 9 
Slight preference for paper 3 7 0 
Strong preference for paper 
114"1 
mmý ,0 
1UU 
0 
9j 
- 
14 
r-100 -1-0 
00ý0 
Q14. Can you.... (Please tick one option) 
A B c D 
Do more with an electronic CIS than with a paper-based one? 58 43 43 64 
... Do less with an electronic CIS than with a paper-based one? 0 14 14 0 
... Do the same with both 23 0 29 18 Uncertain 
Total responses to this question 
13 
M 
14 
ý 
14 
m 
18 
I 
Please comment 
Site A 
* Real-time information (1) 
* Feel more competent with the electronic one (1) 
* Prefer for speed much faster searching for information (3) 
* Advantages and disadvantages of both but electronic out weighs paper system (1) 
* Some doctors don't put in as much as they would write (1) 
* Each system as good as the person who inputs the system (1) 
* Access much better (3) 
# Not used the paper system in the ICU (1) 
0 Data well organised (2) 
Site B 
* Better, as faster and reliable (1) 
# As I am computer literate I would like to use an electronic CIS (1) 
# On paper things are said / explained easier (1) 
* Never used the electronic CIS, so don't know (1) 
248 
A computer system would offer a more comprehensive information gathering opportunity that is 
applicable to patient care and thus influencing the care given (1) 
Site C 
* Less flexible (1) 
# When our system is fully equipped it will allow many valuable comparisons (1) 
* Until the electronic CIS has been fully developed it is no better than the paper based one. (1) 
# We have not use the computerized CIS for long (1) 
Site D 
# Connect information in new ways (1) 
* Provided the electronic one is more stable and fast (1) 
* Trends and storage (1) 
Q15. From which system would you trust the information more? Please tick one option. 
Strong preference for computerised CIS 32 1 29 14 9 
Slight preference for computerised CIS 23 14 29 27 
_ No preference of type of CIS 42 14 57 55 
Slight preference for paper 3 36 0 9 
Strong preference for paper 0 0 0 0 
ITMF-VTIIFR MI 100 93 100 100 
Please comment 
Site A 
* Paper can get lost (1) 
* Both can be equally as accurate as depends upon person inputting data (6) 
* All data centralised (1) 
* Legibility of typed notes is much better (1) 
* Computer is faster (1) 
Site B 
* Reliable (1) 
* It saves time (1) 
4 Not confident from have printed out at different sites and no feedback to confirm (1) 
* Mistakes can be made in both (1) 
* Computer can go wrong (1) 
* Depends upon who inputs the data (1) 
* This is dependent on the info put in by the user. It needs to be concise (1) 
Site C 
4 The computerized CIS automatically keeps the values but they can be wrong because of 'machine 
faults'. The nurse can choose to write or not to write some values. The values on paper are then 
not objective (1) 
* We can make mistakes on the paper-based system and computer errors have been seen on the 
computer based. (1) 
4 Computerized CIS ought to be the most trust worthy but till now I have seen the wrong data that 
could not immediately be removed. (1) 
Site D 
* It depends upon who put the information to the computer/paper (1) 
* With paper based there is risk of receiving out of date data (1) 
Q16. Which system do you think gives you more time vý ith the patient? 
A B C D 
Strong preference for computerised CIS 55 43 0 9 
Slight preference for computerised CIS 29 21 14 27 
_ No preference of type of CIS 13 29 72 37 
Slight preference for paper 3 0 0 18 
Strong preference for paper 01 
100 1 
0 
93 1 
14 
100 1 
19 
100 
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Please comment 
Site A 
4 Automated downloads mean less time writing (4) 
0 Depends upon typing skill (1) 
* More time with patient once adapt to system (1) 
0 System by bedside so in close contact with patient (2) 
* Less time looking for paper (1) 
* Used paper for 20 and CIS for 2 years -- (experience) (1) 
Site B 
* Saves time and quick (1) 
* Results retrieving much easier (1) 
* If information was-tick based as in other systems being used in ITU, you can see the info 
straightaway without having towards through reams of 2aper work (1) 
Site C 
But hopefully computerized CIS will not go on taking that much time (1) 
Site D 
* In the beginning - paper, later perhaps equal amounts of time for both systems (1) 
Q17. In general, which system do you believe to be better at informing all the health care provider 
groups about the patient? E. g., nurses, doctors, physiotherapists, pharmacists, etc. 
A B C D 
Strong preference for computerised CIS 48 36 14 27 
Slight preference for computerised CIS 39 21 29 46 
No preference of type of CIS 10 21 57 18 
Slight preference for paper 3 1 0 
Strong preference for paper 
iflý# 
IMI M-1 mil 
0 
100 
0 
93 
0 
100 
0 
91 
Please comment 
Site A 
* Not always used by all staff (3) 
* If everyone understands the system and good training given (5) 
* Frequent change of doctors means they cannot always make best use of the system so they rely 
heavily upon nursing staff (2) 
* All staff would need to be at same level of competence with the system (1) 
* Multidisciplinary access (1) 
* Information is on one place, legible, quick to access and easily accessible (4) 
* The same information but better trends can be see by use of graphs (1) 
Site B 
* Prefer computerised CIS and on top of that I use phone for informing other specialities about the 
patient (1) 
* Can't be mislaid (1) 
4 Easy to see when on paper chart as it is in front of you (1) 
0 There is a lot of reliability and common sense in having all the information on the same screen. It 
is my belief that this will fundamentally benefit patient care (1) 
Site C 
* We have not used it for long (1) 
Site D 
* System needs to be accessible and fast (1) 
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Q18. This question is asking you about the system and not the information that it contains. 
For each factor, please tick the better of the two systems. Tick the 'Both'option if you think that 
both the systems rate the same. 
Site A 
More reliable 39 3 55 
More useful 84 0 16 100 
More flexible 77 13 7 97 
Faster to access patient Information 94 0 3 97 
Faster to view patient Information 90 0 7 97 
Faster to enter patient information 74 0 23 97 
Easier to access patient information 80 3 10 93 
Easier to view patient information 84 3 7 94 
Easier to enter jatient information 68 7 19 94 
690 29 147 
Site B 
More reliable 21 36 14 71 
More useful 43 0 28 71 
More flexible 36 29 7 71 
Faster to access patient Information 64 7 0 71 
Faster to view patient Information 64 7 0 71 
Faster to enter patient information 36 14 21 71 
Easier to access patient information 50 14 0 64 
Easier to view patient information 50 21 0 71 
Easier to enter atient information 50 14 7 1 71 
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Site C 
43 0 43 86 
More useful 0 14 29 43 
More flexible 57 0 29 86 
Faster to access patient Information 42 29 29 100 
Faster to view patient Information 43 43 14 100 
Faster to enter patient information 0 14 71 85 
Easier to access patient information 29 43 28 100 
Easier to view patient information 29 57 14 100 
Easier to enter atient information 43 43 14 100 
286 243 271 
Site D 
I 
More reliable 27 27 36 90 
More useful 73 0 18 91 
More flexible 64 18 18 100 
Faster to access patient Information 64 9 18 91 
Faster to view patient Information 55 27 18 100 
Faster to enter patient information 27 45 27 99 
Easier to access patient information 36 46 18 100 
Easier to view patient information 73 18 9 100 
Easier to enter jatient information 36 55 9 100 
Kim IWILWI noll bý-, 4. v Onj &*11(pps AM 4 55 245 171 
251 
Q18a. Please rate the importance of these factors for a CIS 
Site A 
Reliability 81 16 3 0 0 100 
Usefulness 68 29 3 0 0 100 
Flexibility 48 45 7 0 0 100 
Speed of access to 61 32 7 0 0 100 
patient information 
Speed of viewing 65 32 3 0 0 too 
patient information 
Speed of entering 48 39 13 0 0 100 
patient information 
Ease of access to 67 26 7 0 0 100 
patient information 
Ease of viewing 67 26 7 0 0 100 
patient information 
Ease of entering 58 29 13 0 0 100 
a, ti tient information 
563 274 63 0 0 
Site B 
Reliability 79 0 0 7 7 93 
Usefulness 57 36 0 0 0 93 
Flexibility 36 57 0 0 0 93 
Speed of access to 
patient information 
50 36 0 0 7 93 
Speed of viewing 57 29 0 0 7 93 
patient information 
Speed of entering 64 14 0 0 14 93 
patient information 
Ease of access to 
patient information 
64 29 0 0 0 93 
Ease of viewing 
patient information 
_p. 
ýtieri 
71 21 0 0 0 93 
Ease of entering 
p tj n t. atient informa ion 
64 14 0 0 14 93 
-542-7 236 0 7 49 
Site C 
Reliability 86 14 0 0 0 100 
Usefulness 71 29 0 0 0 too 
Flexibility 57 43 0 0 0 100 
Speed of access to 
patient Information 
57 43 0 0 0 100 
Speed of viewing 
patient Information 
43 43 0 0 0 86 
Speed of entering 
patient information 
57 43 0 0 0 100 
Ease of access to 
patient information 
43 57 0 0 0 100 
Ease of viewing 
atient information 
43 57 0 0 0 too 
Ease of entering 
atient information 
57 43 0 0 0 100 
Iý. I. 514 372 0 0 0 
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Site D 
Reliability 91 9 0 0 0 100 
Usefulness 64 36 0 0 0 100 
Flexibility 27 64 9 0 0 too 
Speed of access to 36 46 18 0 0 100 
patient information 
Speed of viewing 36 64 0 0 0 loo 
patient information 
Speed of entering 36 55 9 0 0 too 
patient information 
Ease of access to 36 36 27 0 0 too 
patient information 
Ease of viewing 46 36 18 0 too 
patient infonnation 
Ease of entering 27 55 18 0 0 
I 
100 
patient infonnation I I I I 
ýrlamlrý. MM 399 402 1 99 10 10 11 
Q19. What information do you require in order to provide care for the patient? Please state all, e. g. 
Patient Care Plan, Medical Notes, Vital Signs etc. 
Site A 
" Vital signs 
" Patient care plan 
" Medical notes 
" Fluid balance 
" Drug/medication information 
" Laboratory test results 
" Observations 
" Trends 
" Multidisciplinary notes 
" Medical history 
" Times and dates of CT scans 
" Daily management plan 
" Demographics 
" Record of interviews with relatives 
Faniily contacts 
Site B 
" Medical notes 
" Vital signs 
" Patient care plan 
" CT Scan 
" Results 
" Anatomy and physiotherapy 
" Medications 
" Multidisciplinary notes 
" Doctor and nurse care plans 
" Request forms 
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" Disease progression 
" Protocols 
" Comment soace 
" Vital signs 
" Patient care plan 
" Medical notes 
" Journal 
" Test results 
" X-rays 
" Anamnesis 
" Medical story 
" Medications 
" Social matters 
" Nfultidisciplinarv notes 
Q20. Do you feel that your information requirements are met'? Please tick the option that applies to 
you. 
Q20a. How would you like to see this improve? 
Link to hospital information system (2) 
Cannot view fluid balance prior to 24 hour period (1) 
Multidisciplinary use of system ... not 
just nurses (2) 
Change system of up/down grading patients between ICU and HDU (2) 
Greater flexibility (1) 
Care plan too repetitive (1) 
Better printing, not just page by page (1) 
All patient history from case notes to CIS (1) 
Access to audit information (1) 
Site B 
0 Printer needs improving (1) 
N Multidisciplinary care pathways and centralising information (1) 
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Site D 
" Easier access to prior information (1) 
" More Speed in the s\ stern, casier access. inore tlcxit)illtv 
Q21. In terms of the CIS information content, please rate which type of system you believe to be 
better. 
Provides more reliable information 55 0 42 97 
Provides more relevant information 45 0 48 93 
Provides more useful information 48 0 45 93 
Provides more accurate information 55 0 39 94 
More flexible 81 7 7 95 
284 7 181 
Site B 
Provides more reliable information 21 14 57 93 
Provides more relevant information 21 21 50 93 
Provides more useful information 29 14 50 93 
Provides more accurate information 29 14 50 93 
More flexible 1 36 1 21 36 93 
136 84 243 
Site C 
Provides more reliable information 43 0 43 86 
Provides more relevant information 14 0 71 85 
Provides more useful information 14 0 71 85 
Provides more accurate information 29 0 57 86 
More flexible 1 43 0 43 86 
143 0 285 
Site D 
Provides more reliable information 46 9 36 91 
Provides more relevant information 27 9 54 90 
Provides more useful information 36 18 36 90 
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es more accurate information 46 9 36 91 
More flexible 55 9 27 
1 
91 
210 54 189 
Q22. How much do you think things change with the introduction of an electronic CIS? Please select 
one option. 
Major changes 42 1 43 57 1 9 
Some changes 48 43 43 82 
Minor changes 0 0 0 9 
No change 0 0 0 0 
90 86 100 100 
Please explain 
Site A 
* Now there is very little paper (1) 
* Need to learn to use the system and gain confidence (2) 
* Continuous monitoring of patient (1) 
* Quicker and more accessible (1) 
# Greater training needs for new staff and computer literacy needed (3) 
* Care does not change (1) 
* Increased awareness of necessity for accurate information (1) 
Legible notes (1) 
* Can be used for audit, best practice and monitoring of change (2) 
# Same information just dealt with differently (1) 
Site B 
* Staff need training and system maintenance needs to be established (1) 
* Will require a new way of working and thinking (1) 
4 Reorganisation of unit and positioning of computer and work station (1) 
* Education and support for staff (1) 
* Would require training (1) 
Site C 
4 System recently introduced hard to tell yet (1) 
Lots of new working situations- have to evolve (1) 
# Completely different way of handling patient data and summarizing this in a data chart (1) 
* Routines to ensure a general view of the patient has to be changed as all data is fragmented 
in the computerized CIS we have in our ICU (1) 
Site D 
* It is going to take quite a while to implement the system (1) 
* A lot of mess, not enough using, Babel tower interface problems - working okay in ten years 
time. (1) 
* Lot of routines have to be changed (1) 
Q23. In your opinion, would you say that the CIS is ... (please select one option) 
AI B C D 
... Fully integrated into the ICU 84 21 0 36 Tartially integrated into the ICU ,, 1 13 43 100 55 
ot integrated into the ICU at all 0 21 0 0 
M r, 1EMMMEN M, MIMMIM 97 8-5 100 91 
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Please explain 
Site A 
* In terms of nursing care: fully integrated (Once staff trained and felt comfortable with it). In 
terms of medical care: partially integrated (2) 
* All established staff fully competent in using the system (4) 
* Fully integrated and part of our working day (1) 
* Still required to write same information on paper and record on computer - defeats object of 
having a computer system (LE Results reporting) (2) 
Site B 
* Quick (1) 
* Only some patient info on the computer (1) 
* It is impossible to find out when a patient last had an X-Ray, this needs to investigating 
immediately (1) 
Site ( 
* Still too early (1) 
* In several ways we still have to use paper based systems (1) 
Situ 1) 
* Maybe in time the system will be improved. As for now there will be a lot of problems (1) 
* Only CIS in use is Lab CIS (1) 
Q24. Do you feel that the CIS makes your work ... 
? (Please select one option) 
Please explain 
Site A 
* Speedy and more readily accessible information (no hunting for case notes and can't be lost like paper) 
(9) 
* Easier to input than on paper (2) 
* Because it is multi-disciplinary it makes me more conscious of being accurate and explicit (1) 
* Continuous recording -more options (2) 
Site B 
* Quick (1) 
* Less time writing means better time efficiency therefore freeing one to do other things - also reduces the 
workload (1) 
Site C 
* System still too new to tell (1) 
+ The 'writing down' values time can be used for other things but it is so far used to find my way in the 
computer (1) 
* Reliable, unbiased data collecting (1) 
0 It will help us better than the paper based as soon as it is fully developed (1) 
Site D 
4 Paper CIS is functioning and is well known (1) 
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Q25. What do you like the most about the CIS that you use? Please state below. 
Site A 
" Information: Accessible; collated, retrieval and use; Comprehensive, printable, drug information 
and protocols, useful for tracking trends (5) 
" System: Automatic and continuous downloads and calculations, good screen display, simplicity 
and clarity, good layout (9) 
" Communication: more time with patient, user friendly (3) 
" Efficiency: Easy and fast to use, access and store; Paper free; Less time consuming results search; 
reduced paper work, by patients bedside (14) 
" Everything : (1) 
Site B 
" Ease of use: Results section (1); Patient demographics autoniatically filled in (1); Huge paper 
sheets, all the information is on one sheet (1) 
" Accessible: Ease of accessibility (2); 
" Speed: For computerised, test requests and results retrieving faster as less time wasted looking for 
print outs of results (1); Saves time and minimal effort for data input (1) 
" Integration: Referral X-Raý and lab reqticsts rcsults- (1) 
Site C 
" Accessible: swift access of precise information (1) 
" Reliable: unbiased data collection however I don't see some data now and am therefore unable to 
reflect on it (2) 
" Speed: I don't need to write down vital signs every hour and I'm documenting more of the things 
happening's ',, I% C-S fillic. (1) 
Site D 
" Ease of use: We decide production of data (2) 
" Accessible: That it is there, that you can read it and touch it and easily go from one part to the 
other to look for things (1) 
" Reliability: Higher reliability - better overview - More (all) information about patient (4) 
" Integration: When all information is integrated (1) 
" Monitoring: Trend monitoring - Lab data (1) 
M Speed: (1) 
Q26. What do you like least about the CIS that you use'? Please state below. 
" Resources: Share one computer between two HDU beds (2) 
" Network: Required to use paper to communicate with rest of hospital as system stand- 
alone. Transferring patient between ICU and HDU, inputting laboratory results (2) 
" Awareness and Education: Other Disciplines apprehensive, Heavy reliance on nursing 
staff by Medics regarding the CIS, Doctors do not complete notes on system (5) 
" Nothing: (4) 
" Crashes: Occasionally crashes (2) 
" Governance: Cannot edit info once input (problematic when make a mistake, have to 
make another entry), lack of query and audit option (2) 
" Existing Processes: Little info available to send on patient discharge (3) 
Speed: Sonictlnic,, to acccss, %\atting for otlicr nicnibcrs to finish (2) 
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B 
Reliability: Unreliable (1); Printer problems (3) 
Speed: Times out (1); Time consuming (1) 
Access ib ilit,.,: Need more terminals (2) 
1 
" Change: Information on screen hard to get used to when paper has been the gold 
standard for so long (1) 
" Speed: It takes a lot of time to find the words/thing I want to document but that might 
be because it is a new system in our ward (1) 
" System: Heavy apparatus physically to handle in operating room. Lots of electric/data 
cables at work place (1) 
" Non-Pervasive: The PC can't be moved, the computer is bedside, not portable. I cannot 
hold the hands of the patient and use the computer at the same time. (2) 
" Reliability: It is not completely reliable as yet and not as easy to access as the paper- 
based version. The nurse observations (personal care, e-pad and so on) is not visible (1) 
" System: Old system with number codes (1); Little information about the prior days, 
other diseases (1); Data it is missing (2) 
" Reliability: Breakdowns (1) 
" Speed: It's slow and inflexible (1); It is slow paper module which must be put in a 
database (1) 
" Learning: It takes a lot of time in the beginning (1) 
" Accessibilitv: Wlien in\ pass%ýord e. xpircs frequently (1) 
27. Would you reconunend the CIS that you use to other hospitals? 
Yes, definitely 87 14 1 0 9 
Yes, with reservation 10 7 58 18 
Maybe 0 29 14 46 
Probably not 0 14 14 18 
Definitely not 0 14 14 0 
97 79 100 1 91 
Please explain 
Site A 
I would recommend some changes first (1) 
Still leaming about it (1) 
Less paper work, accurate data and trends (1) 
Efficient and practical (1) 
Makes life easier - storage of information is better all information is together (2) 
It's an excellent set-up (1) 
Site B 
4 Saves times (1) 
0 Any system that saves time can only be of benefit (1) 
Site C 
* Too early days (1) 
0 Have not yet seen a properly function of 'data out' (1) 
# It needs to be better before some one else can use it (1) 
# I would recommend them to find a faster, easier less fragmented CIS (1) 
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Site D 
*I would recommend a fully integrated computerized CIS (1) 
*I would prefer an electronic CIS totally (1) 
1 
How involved are you in the patient 
Si te A 
Greatly involved 58 13 16 S-, 7 
Some involvement 27 55 42 124 
No involvement 7 16 26 49 
92 84 84 
Si te B 
Grcatly iiivolved 43 28 -I 
Some involvement 29 36 36 101 
No involvement 7 50 21 78 
lit W. 79 86 86 
S ite C 
Greatly involved 43 14 14 71 
Some involvement 57 0 0 57 
No involvement 0 0 00 
100 14 14 1 
Site D 
Greatly involved 64 27 27 118 
Some involvement 27 27 27 81 
No involvement 9 36 36 81 
100 90 90 
Please explain 
S ite A 
Most changes are made without our consultation (1) 
* I am a sister so part of my role is to be involved (1) 
4 1 look after the patients and I am involved in ICU management and training (1) 
* Staff meetings (1) 
4 We can make suggestions for CIS improvement (1) 
* I choose to have no involvement in any decisions about the CIS (1) 
Site B 
* Lack of space and equipment (1) 
+ People ask you if you are okay when a problem occurs but I don't feel involved in the decision 
making aspect of this unit (1) 
Site C 
0 Mostly working in the ICU as evening and night hours (1) 
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Position: Consultant intensivist - head of implementing electronic CIS (PDM) (1) 
As I am the prime caretaker I'm greatly involved in the patient. As staff have some involvement in 
the ICU. As staff I haven't yet been given an opportunity to be involved. (1) 
1 
Site D 
* It is quite seldom that I have duty on the ICU (1) 
*I am chief of the department (1) 
Q29. Do you think that your input is considered to be of any value by management? 
Q30. Which of the following statements describes you best? 
Site A 
I like to develop contacts 16 52 1 19 8- 
I like to solve difficult problems 26 45 13 3 0 87 
I like to organise people and 23 45 13 7 0 88 
resources 
I like to challenge convention 10 39 32 7 0 88 
I like to evaluate all options before 1 
make a judgement 
26 58 7 0 0 91 
I like to co-operate, avert friction 
and listen to others 
32 48 10 0 0 90 
I like to put my ideas into action 16 58 10 0 0 84 
I give much attention to detail and 
like finding error and omissions 
16 45 10 16 0 87 
I provide a skill or knowledge to the 
is in rare su I 
13 39 
I 
19 16 0 87 
1'178 429 133 49 0 
Site B 
I like to develop contacts 14 50 14 1 7 0 SO 
I like to solve difficult problems 14 64 7 0 0 86 
1 like to organise people and 7 57 21 0 0 86 
resources 
I like to challenge convention 29 43 7 7 0 86 
I like to evaluate all options before 1 
make a judgement 
29 43 14 0 0 86 
I like to co-operate, avert friction 
and listen to others 
29 43 7 7 0 86 
I like to put my ideas into action 36 29 21 0 0 86 
1 give much attention to detail and 
like finding error and omissions 
29 29 21 7 0 86 
I provide a skill or knowledge to the 
group that is in rare supply. I 
14 29 36 7 0 86 
I 
CM =1 =177 
IM 201 387 148 35 0 
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Site C 
I like to develop contacts 29 43 29 0 1 
I like to solve difficult problems 29 43 14 14 0 100 
I like to organise people and 14 43 29 14 0 100 
esources 
I like to challenge convention 14 29 29 29 0 100 
I like to evaluate all options before 1 
make a judgement 
29 43 14 14 0 i0o 
I like to co-operate, avert friction 
and listen to others 
57 29 0 14 0 100 
I like toput my ideas into action 14 57 14 14 0 99 
1 give much attention to detail and 
like finding error and omissions 
14 71 14 0 0 99 
I provide a skill or knowledge to the 
oup that is in rare supply. 
0 43 43 0 0 86 
2 (0) =0 401 186 98 0 
Site D 
I like to develop contacts 36 36 is 0 90 
1 like to solve difficult problems 27 55 9 0 0 91 
1 like to organise people and 18 46 27 0 0 91 
resources 
I like to challenge convention 18 36 36 0 0 90 
1 like to evaluate all options before 1 
make a judgement 
18 46 27 0 91 
I like to co-operate, avert friction 
and listen to others 
27 36 18 9 0 90 
I like to put my ideas into action 27 55 9 0 0 91 
1 give much attention to detail and 
like finding error and omissions 
9 18 63 0 0 90 
I provide a skill or knowledge to the 
grou tt is in rare s 
27 9 46 9 0 91 
Q3 1. What do you like the most about your ICU? 
Site A 
Opportunities: Given opportunities for new ideas, excellent learning opportunities, being 
involved with decisions about patients (3) 
Standard of Care: High standard of care (2) 
Time: Time to do things (1) 
Environment: Friendly, ICU environment, New well designed ICU, large, spacious and clean (8) 
People: Fantastic people I work with, enjoy patient contact and people I work with, enjoy dealing 
with patients and their relatives (10) 
Teamwork: (10) 
All of It: (2) 
The ICU itself (1) 
Critical thinking (1) 
Environment (1) 
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Critical care of patients (1) 
" Rewarding (1) 
" The hours that I do (1) 
" Good opporamitý toi-,, tud% Ic. t\ c aiid tcaclilmg sessimis (1) 
Site C 
" People: My colleagues, working with other specialities, taking care of patients and children (3) 
" Stimulating never boring, wide spectrum of diseases. Complexity of patient admitted (3) 
" Team work: The co-operative wav of patient care, workim)-, tov-ether with other specialities (1) 
Site D 
Standard: Well organised, High Standard (2) 
People: Good Staff - Human Factor (3) 
Challenging Work: challenges (1) 
Team work: The co-or)erative wav of oatient care. workina toacther with other snecialities (2) 
Q32. What do you like least about your ICU'? 
" Politics: Doctors don't always organise themselves, Politics, Inappropriate admissions and their 
management, Day to day changing of consultants (5) 
" Speed: slow at times, sloppy or lazy staff (2) 
" Morale: Sometimes feel unsupported and undervalued, not feeling valued for what I do (1) 
" Communication: Medics don't always use a team approach, Lack of consistency between 
consultant anaesthetists (2) 
" Nothing: (2) 
Site B 
" Nothing (2) 
" Morale: Pressure of work (2) 
" Physically and emotionally tiring (2). 
" There is a lot of gossiping on the Lin't, which I find causes a bad atmosphere (1) 
" Resources: Equipirient store roorn (1) 
bite U 
Resources: The scarcity of staff (nurses and doctors) (2) 
Workload: Workload too great for amount of hands (1) 
Size: It's far too big, greater than 200 nurses employed so big that your part in the decision-making 
is little. The top management of the ICU has no contact to 'normal' staff. You can just go to work, 
nurse your patient and go home again, year after year without having to involve you in the ward 
itself and without getting any education. (1) 
Reorganisation: In the Danish Hospital System we are never at peace to do our work and be better 
at that. Things are to be reorganised again and again. This also happens in my ICU. (1) 
i ca. nI 
Poor Resources: Lack of resources - Working around the clock/the year - Lack of space and 
rooms, When resources are scarce - when there is more work than you feel you can cope with and 
I 
sdH have a good over0c, Cow= Lack of nnme; and pemmmA, Need for bM Low bmiget (6) 
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Q33. What is your job title and what other jobs do you do in the ICU? If you have more than one job, 
please state all. 
Official Role Unofficial Role(s) 
Administration 
Assistant 
3 
Ancillary Staff 12 7 0 9 
Nurse 81 57 43 18 
Doctor (MD) 0 
7 
35 
- - - 
57 
- 7 
72 
- R1 ýi ý976 70 0 10 0 71 08 
Educator 6 0 14 0 
Information Manager 3 0 0 0 
Internal verifier 3 0 0 0 
Mentor 7 7 0 0 
Outside ordering of 
non stock items 
3 0 14 0 
Research and 
development 
3 0 0 0 
Transport link nurse 3 0 0 9 
Pain Team Member 0 0 0 9 
IN 28 17 28 18 
Q34. How long have you worked in these roles? 
OffleiAl RnIpfqI 
Less 
than 1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-15 15-20 >20 
A Xear 
7 23 19 10 7 0 7 7 0 0 7 3 3 
' Vill II, ý . .51 Less 
than 1 1-2 
7 
2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-15 15-20 >20 
B year 
14 1 14 7 7 01 0 71 0 7 0 0 0 
U17 .I Ox 
Less 
than 1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-15 15-20 >20 
C year 
29 0 29 0 0 0 14 0 14 0 0 14 0 
17ITM ý- I I. 
Less 
than 1 1 
7 
2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-15 15-20 >20 
D year 
27 0 9 "o " 9 18 0 0 0 9 9 
1 T, 
Unofficial Role(s) 
Less 
than 1 1-2 2-3 3-4 4-5 55--66 6-7 7-8 8-9 9-10 10-15 15-20 >20 
A Zear 
0 10 3 3 3 0 0 0 0 0 3 0 0 
Less 
than 1 1-2 2-3 
7 
3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-15 15-20 >20 
B year 
o1 
0 0 01 7 0 0 0 0 0 0 0 0 1 KIIF Ia 194 4 111] 1 L-16 A ton I I] N XI II (q, 14 [ )I= -I 
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Less 
than 1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-15 15-20 >20 
c year 
0 14 0100101001 14 0000 
Less 
than 1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-15 15-20 >20 
D year 
09oIooIoIooIooo00 
035. How long have vou worked in an ICU? 
Less 
than 1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-15 15-20 >20 
A year 
7 10 19 10 7 0 10 7 0 0 10 10 7 
Aam EM. 
Less 
than 1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-15 15-20 >20 
B year 
21 7 0 7 14 7 0 7 7 7 0 0 0 
Less 
than 1 1-2 2-3 34 4-5 5-6 6-7 7-8 8-9 9-10 10-15 15-20 >20 
c year 
0 0 0 29 0 0 14 0 0 0 29 14 14 
UIII Id ýI ýT 
Less 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-15 15-20 >20 
than I 
D year 
: z 
18 9 18 9 0 9 0 0 0 0 18 9 iý 
1 mil 0 01 i R WM T 
036. How loniz have vou worked at vour oresent t)lace of work? 
Less 
than 1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-15 15-20 >20 
A Zear 
- 7 7 16 13 7 0 7 7 3 0 7 16 7 
-- 
Ia-0 1 
Less 
than 1 1-2 
7 
2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-15 15-20 >20 
B year 
14 7 0 7 0 21 0 0 0 0 0 0 
I CM 171 
Less 
than 1 1-2 
7 
2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-15 15-20 >20 
c year 
29 
- 
29 0 14 0 0 0 0 0 29 0 0 
mm 
ALIU mlij. 1 311, 
Less 
than 1 1 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-15 15-20 >20 
year I 
Z 
_ - 27 9 18 ý l8 0 0 0 0 0 9 0 A 
I off * i 
d 
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Q37 Are vou? 
AI B C D 
Male 3 50 43 64 
Female 90 29 57 j36 
IIR PRN 1,4,11 W, 93 79 1 () 0 1 
Yes, very much 39 1 57 43 1 27 
Yes, sometimes 42 7 57 27 
Not much 7 14 0 36 
Not at all 0 7 0 0 
ý, 
ý 1 88 86 , 100 90 
Q38b. How often do you use a computer when not at work? 
IAIBCD 
Daily 16 64 43 46 
3-4 times per week 16 0 57 18 
1-2 times per week 23 21 0 18 
Every other week 16 0 0 0 
Once a month 7 0 0 0 
Less than once a month 7 0 0 0 
f7f MIMIT11"; 7Z 8 55 86 100 1 82 
